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regulahon of biological events using mulumeric chimeric proteins 



Background of the Xnventlon 

5 Rapamydn is a macrolide antibiotic produced by Streptomyces hygroscopkus which 
binds to a FK506-binding protein^ FKBP^ with high affinity to fonn a rapamycin:FKBP 
complex. Reported Kd values for that interactim are as low as 200 pM. The 
rapamydnrFKBP complex binds with high affinity to the large cellular protein, FRAP, to 
form a tripartite, [EKB£:rapamycin]:[£EA£]/ complex. In that complex rapamydn acts as a 
10 dimerizer or adapter to join FKBP to FRAP. 



MeO 




Rapamydn 

A number of naturally occurring FK506 binding proteins (FKBPs) are known. See e.g. Kay, 
1996, Biochem. J. 314:361-385 (review). FKBP-derived domains have been incorporated in 

15 the design of chimeric proteins for use in biological switches in genetically engineered cells. 
Such switches rely upon ligand-mediated multimerization of the protein components to 
trigger a desired biological event. See e.g. Spencer et al, 1993, Science 262:1019-1024 and 
PCT/US94/01617. While the potent immimosuppressive activity of FK506 would limit its 
utility as a multimerizing agent, especially in animals, dimers of FK506 (and related 

20 compounds) can be made which lack such immunosuppressive activity. Such dimeis have 
been shown to be effective for multimerizing chimeric proteins containing FKBP-derived 
ligand binding domains. 

Rapamydn, like FK506, is also capable of multimerizing appropriately designed 
chimeric proteins. We have previously designed biological switches using rapamydn and 

25 various derivatives or analogs thereof ("rapalogs") as multimerizing agents (see 

W096/41865). In the case of rapamydn itself, its significant biological activities, induding 
potent immunosuppressive activity, rather severely limit its use in biological switches in 
certain applications, especially those in animals or animal cells which are sensitive to 
rapamydn. Improved rapalogs for such applications, espedally rapalogs with reduced 

30 immunosuppressive activity, would be very desuable. 
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embodiments, howevei; the FKBP fusion protein is also an FRB fusion protein. In those 
embodiments, the chimeric protein comprises one or more FKBP domains as well as one or 
more FRB domains. In such cases, the first and second chimeric proteins may be the same 
protein, may be refexred to as FKBP-FRB fusion proteins and contain at least one domain 
5 heterologous to the FKBP and/ or FRB domains. 

The chimeric proteins may be readily designed, based on incorporation of appropriately 
chosen heterologous domains, such that their multimerization triggers one or more of a wide 
variety of desired biological responses. The nature of the biological response triggered by 
rapalog-mediated complexation is determined by the choice of heterologous domains in the 

10 hision proteins. The heterologous domains are therefore referred to as ^'action" or "effector" 
domains-The genetically engineered cells for use in practicing this invention wiU contain one 
or more recombinant nucleic add constructs encoding the chimeric proteins, and in certain 
applications, will further contain one or more accessory nucleic acid constructs, such as one or 
more target gene constructs. Illustrative biological responses, applications of the system and 

15 types of accessory nucleic acid constructs are discussed in detail below. 

A system involving related materials and methods is disclosed in WO 96/41865 
(Clackson el al) and is expected to be useful in a variety of applications including, among 
others, research uses and therapeutic applications. That system involves the use of a 
multimerizing agent comprising rapamycin or a rapalog of the generic formula: 



20 




wherein U is -H, -OR^, -SR^ OC{0)R\ ^(0)NHRi, -NHRi, -NHC(0)Ri, -NHSOj-R^ oi 
-R^; is a substituted aryl or allyl or alkylaryl (e.g. benzyl or substituted benzyl); V is- 
0R3 or (=0); W is =0, =NR4 =N0R^ =NNHR^ -NHOR^ -NHNHR^ 0R\ -0C(0)RV 
OC(0)NR4 or -H; Y is 0R5 -0C(0)R5 or OC(0)NHR5; Z is =0, -OR^ -NR^ -H,- 
25 NC{0)R6 ^X:(0)R6 or -0C(0)NR6; R3 is H, -R^ <:(0)R7 <:(0)NHR7 or C-28 / O30 cyclic 
carbonate; and R^ is H or allqd; where R*, R5 r6 and R^ are independently selected from 
H, allyl, alkylaryl or aryl as those terms are defined in WO 96/41865. A number of 
rapalQgs are specifically disclosed in that document. 
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assay is predictive of a decrease in immunosuppressive activity in humans, relative to 
rapamycin. Such in vitro assays may be used to evaluate the rapalog's relative 
immunosuppressive activity. 

A variety of illustrative examples of such rapalogs are disclosed herein. TTus class of 
improved rapalogs includes, among others, those which bind to human FKBP12, or inhibit 
its rotamase activity, witfun an order of magnitude of results obtained with rapamycin in 
any conventional FKBP binding or rotamase assay. 

Other classes of improved rapalogs for use in this invention are defined with reference 
to the structure shown in Formula II: 




wherein 



a 



8 8 



HCO^ 



and, 

one of RC7a and R^^b is H and the other is -H, halo, -R2 -ORl, -SRi, -OC{0)R^ or- 
OC(0)NHRl, -NHRi, -NR1r2 -NHC(0)Ri, or -NH-SOj-Rl where R2 = aliphatic, 
heteroaiiphatic, aryl, heteroaryl or alkylaryl (e.g. benzyl or substituted benzyl); 
is halo, -OR3 or (=0); 

is =o, =NR4 =NOR4, =NNHR4, -NHOR*, -NHNHR^ -OR", -0C(0)R4 or 
20 -0C(0)NR4, halo or -H; 

RC13 and RC28 are independently H, halo, ^r3, or5, -0C(0)R5, -0C(0)NHR5, -SRV 
SC(0)RS, -SC(0)NHR5. -NRSRS'or -N(RS)(C0)R5'; 

RCW is =0, -OR6, -NR6 -H, .NC{0)R6 -OC(0)R6 or -OC(0)NR^- 
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Another class of improved rapalogs for use in this invention which are of particular 
interest are rapalogs of Formula II wherein R^^^ and are moieties other than a 
substituted or unsubstituted allyl group or a methoxy moiety. This class includes rapalogs in 
which one of R^^* and is H and the other is phenyl, di- or tri-substituted phenyl or a 
mono- or di-substituted heterocyclic moiety. Illustrative examples include among others, 
b,p-dialkoxyphenyl substituents (e.g., o,p-dimethoxyphenyl, o-methoxy-p-edioxyphenyl, 
o-ethoxy-p-methoxyphenyl, o^p-diethoxyphenyl, o,p-di (n- or iso-)propoxyphenyl, etc.), 
trialkoxyphenyl substituents, monosubstituted heterocydes such as methylthiophene, etc. 
One subset of such compounds difiers in structure from rapamycin only at R^^ and R^. 
Another subset of such compoimds differs in structure from rapamycin at one or more 
additional position, as set forth above in connection with Formula II or in connection with 
any of the other classes of improved rapalogs noted herein. 

Another class of improved rapalogs for use in this invention which are of particular 
interest are rapalogs of Formula II wherein n is 1. This class of rapalogs includes rapalogs 
comprising a prolyl ring system in place of a pipicolate ring system. One subset of such 
compounds differs in structure from rapamycin only with respect to the pipicolate ring 
system. Another subset of sudi compounds differs in structure from rapamycin with respect to 
one or more additional structural features (e.g. one or both substituents at C7, for instance), as 
set forth above in connection with Formula II or in cormection with any of the other classes of 
improved rapalogs noted herein. 

Another class of improved rapalogs for use in this invention which are of particular 
interest are rapalogs of Formula II wherein moiety "a" is otiier than 




One subset of such compounds differs in structure from rapamydn only with respect to the 
ring system, "a". Another subset of such compounds differs in struchure from rapamydn with 
respect to one or more additional structural features (e.g. one or both substituents at C7, for 
instance), as set forth above in connection with Formula II or in connection with any of the 
otfier classes of improved rapalogs noted herein. This dass of rapalogs indude the class of 
43-epi-rapalogs in which tiie hydroxyl moiety at position 43 has the opposite 
stereochemical orientation with that shown immediately above, is a mbcture of 
stereoisomers of die 43-hydroxyl group or contains derivatives of any of the foregoing, 
induding ethers, esters, carbamates, halides and otiier derivatives of any of the foregoing 
position 43 rapalogs. This class furtiier indudes rapalogs in which the cydohexyl ring is 
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In certain embodiments the chimeric protein(s) contain at least one modification in 
peptide sequence, preferably up to three modifications, reiafive to naturally occurring 
sequences, in both one or more FKBP domains and one or more FRB domains. 

As mentioned previously^ in the various embodiments of this invention, the chimeric 
5 protein(s) contain one or more "action" or "effector" domains which are heterologous with 
respect to tiie FKBP and/or FRB domains. Effector domains may be selected from a wide 
. variety of protein domains including DNA binding domains, transcription activation 
domains, cellular localization domains and signaling domains (i.e., domains which are 
capable upon clustering or multimerization, of triggering cell growth, proliferatiorv 
10 differenfiation, apoptosis, gene transcription, etc.). A variety of illustrative effector 
domains which may be used in practising this invention are disclosed in the various 
sscientific and patent docimients cited herein. 

For example, in certain embodiments, one fusion protein contains at least one DNA 
binding domain (e.g., a G AU or 2FHD1 DNA-binding domain) and another fusion protein 
15 contains at least one transcription activation domain (e.g., a VP16 or p65 transcription 
activation domain). Ligand-mediated association of the fusion proteins represents the 
fonnation of a transcription factor complex and leads to initiation of transcription of a target 
gene linked to a DNA sequence recognized by (i.e., capable of binding with) the DNA- 
binding domain on one of the fusion proteins. 

20 In other embodiments, one fusion protein contains at least one domain capable of 

directing the fusion protein to a particular cellular location such as the cell membrane, 
nucleus, ER or other organelle or cellular component Localization domains which target the 
cell membrane, for example, include domains such as a myristoylation site or a 
transmembrane region of a receptor protein or other membrane-spanning protein. Another 

25 fusion protein can contain a signaling domain capable, upon membrane localization and/or 
clustering, of activating a ceDular signal transduction pathway. Examples of signaling 
domains include an intracellular domain of a growth factor or cytokine receptor, an 
apoptosis triggering domain such as the intracellular domain of FAS or TNF-Rl, and 
domains derived fi-om other intracellular signaling proteins such as SOS, Raf, Ick, ZAP-70, 

30 etc. A number of signaling proteins are disclosed in PCT/US94/01617 (see e.g. pages 23 - 26). 
In still other embodiments, each of the fusion proteins contains at least one FRB domain and 
at least one FKBP domain, as well as one or more heterologous domains. Such fiision proteins 
are capable of homodimerization and triggering signaling in the presence of ihe rapalog. In 
general, domains containing peptide sequence endogenous to the host cell are preferred in 
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preferably eukaryotic cells, more preferably animal cells, and most preferably mammalian 
cells. Primate cells, especially human cells, are of particular interest. Administration of the 
improved rapalog to a human or non-human animal may be effected using any 
phannaceutically acceptable formulation and route of administration. Oral administration 
of a phaimaceutically acceptable composition containing the improved rapalog together 
with one or more pharmaceuticaly acceptable carriers^ buffers or other exdpients is 
cuiiently of greatest interest. 

A specific object of thb invention is a method, as otherwise described above, for inducing 
transcription of a target gene in a rapalog-dependent manner. The cells typically contain, in 
addition to recombinant DNAs encoding the two fusion proteins, a target gene construct 
which comprises a target gene operably linked to a DNA sequence which is responsive to the 
presence of a complex of the fusion proteins with rapamydn or a rapalog. The target gene 
construct may be recombinant, and the target gene and /or a regulatory nucleic acid sequence 
linked thereto may be heterologous with respect to the host cell. In certain embodiments the 
cells are responsive to contact with an improved rapalog which binds to the FKBP hision 
protein and participates in a complex with a FRB fusion protein with a detectable 
preference over binding to endogenous FKBP and/or FRB-containing proteins of the host cell. 

Another specific object of this invention is a method, as otherwise described above, for 
inducing cell death in a rapalog-dependent manner. In such cells, at least one of the 
heterologous domains on at least one fusion protein, and usually two fusion proteins, is a 
domain such as the intracellular domain of FAS or TNF-Rl, which, upon clustering, triggers 
apoptosis of the cell. 

Another specific object of this invention is a method, as otherwise described above, for 
inducing cell growth, differentiation or proliferation in a rapalog-dependent manner. In 
such cells, at least one of the heterologous domains of at least one of the fusion proteins is a 
signaling domain such as, for example, the intracellular domain of a receptor for a hormone 
which mediates cell growth, differentiation or proliferation, or a downstream mediator of 
such a receptor. Cell growth, differentiation and/or proliferation follows clustering of such 
signalling domains. Such clustering occurs in nature following hormone binding, and in 
engineered cells of this invendori following contact with an improved rapalog. 

Cells of human origin are preferred for human gene therapy applications, although cell 
types of various origins (human or otfier species) may be used, and may, if desired, be 
encapsulated within a biocompatible material for use in human subjects. 
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Also disclosed are kits for use in tt\e genetic engineering of cells or human or non-human 
animals as described herein- One such kit contadns one or more recombinant nucleic add 
constructs encoding fusion proteins of thus invention. The recombinant nucleic add constructs 
will generally be in the form of eukaiyotic expression vectors suitable for introduction into 
animal cells and capable of directing the expression of the fusion proteins therein. Such 
vectors may be viral vectors as described dsewhere herein. The kit may also contain a 
sample of an improved rapalog of this invention capable of forming a complex with the 
encoded fusion proteins. The kit may further contain a multimerization antagonist such as 
FK506 or some other compound capable of bindiiig to one of the fusion proteins but incapable 
of forming a complex with both. In certain embodiments, the recombinant nucleic acid 
constructs encoding the fusion proteins will contain a doning site in place of DN A encoding 
one or more of the heterologous domains, thus permitting the practitioner to introduce DNA 
encoding a heterologous domain of choice. In some embodiments the kit may also contain a 
target gene construct contaiiung a target gene or cloning site linked to a DNA sequence 
responsive to the presence of the complexed fusion proteins, as described in more detail 
elsewhere. The kit may contain a package insert identifying the enclosed nucleic add 
construct(s), and /or instructions for introducing the construct(s) into host cells or orgarusms. 

Brief Description of the Figures 

Figure 1 demonstrates the ability of 13-F-rapaIogs (compounds Z2 and Iflg, synthesized 
as described in Examples 6.1 and 6.21, respectively) to stimulate expression of a DNA 
sequence encoding sficreted alkaline phosphatase ("SEAP") in HT1080 cells engineered as 
described in Example 7. 

Figure 2 depicts the results of transcription assays using rapalogs 42, 53, 62 and 
synthesized as describedhereiiv as dimerizer. Rapalog s were tested in cells expressing 
wild-type FRB (Figs. 2A and 2C) as well as in cells expressing a mutant FRB in which Thr 
2098 was replaced by Leu (Figs 2B and 2D) or by Phe (Fig 2E). 

Detailed Description of the Invention 
Defiiutions 

The definitions and orienting information below will be helpful for a full understanding 
of dus document. 
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related references citedJierein). The peptide sequence of such an FRB domain comprises (a) a 
naturally occurring peptide sequence spanrung at least the indicated 89-amino add region of 
the proteins noted above or corresponding regions of homologous proteins; (b) a variant of a 
naturally occurring FRB sequence in which up to about ten (preferably 1-5, more preferably 1- 
3, and in some embodiments just one) amino adds of the naturally-occurring peptide sequence 
have been deleted, inserted, or replaced with substitute amino adds; or (c) a peptide 
sequence encoded by a DNA sequence capdble of selectively hybridizing to a DNA molecule 
encoding a naturally occurring FRB domain or by a DNA sequence which would be capable, 
but for the degeneracy of die genetic code, of selectively hybridizing to a DNA molecule 
encoding a naturally occurring FRB domain. 

FKBFs (FK506 binding proteins) are the cytosolic receptors for macrolides such as FK506, 
FK520 and rapamydn and are hi^y conserved across spedes lines. For the purpose of this 
disclosure, FKBFs are proteins or protein domains which are capable of binding to 
rapamycin or to an improved rapalog of this invention and further forming a tripartite 
complex with an FRB-containing protein. An FKBP domain may also be referred to as a 
"rapamycin binding domain". Information concerning the nudeotide sequences, cloning, and 
other aspects of various FKBP spedes is already known in the art, permitting the synthesis 
or doning of DNA encoding the desired FKBP peptide sequence, e.g., using well known 
methods and PGR primers based on published sequences. See e.g. Staendart et al, 1990, 
Nature 346, 671-674 (human FKBP12); Kay, 1996, Biochem. J. 314, 361-385 (review). 
Homologous FKBP proteins in other mammalian spedes, in yeast, and in other organsims are 
also known in the art and may be used in the fusion proteiz\s disdosed herein. See e,g. Kay, 
1996, Biochem. J. 314, 361-385 (review). The size of FKBP domains for use in this invention 
varies, depending on which FKBP protein is employed. An FKBP domain of a fusion protein 
of this invention will be capable of binding to rapamycin or an improved rapalog of this 
invention and participating in a tripartite complex with an FRB-containing protein (as may 
be determined by any means, direct or indirect, for detecting such binding). The peptide 
sequence of an FKBP domain of an FKBP fusion protein of this invention comprises (a) a 
nahually occurring FKBP peptide sequence, preferably derived from Ihehuman FKBP12 
protein (exemplified below) or a peptide sequence derived from another human FKBP, from 
a murine or other mammalian FKBP, or from some other animal, yeast or fungal FKBP; (b) a 
variant of a naturally occurring FKBP sequence in which up to about ten (preferably 1-5, 
more preferably 1-3, and in some embodiments just one) amino adds of the naturally- 
occurring peptide sequence have been deleted, inserted, or replaced with substitute amino 
adds; or (c) a peptide sequence encoded by a DNA sequence capable of selectively 
hybridizing to a DNA molecule encoding a naturally occurring FKBP or by a DNA sequence 



15 



wo 99/36553 PCTAJS99/00178 

promoter. Such transaction regulatory components can be present upstream of a roding 
region, or in certain cases (e.g. enhancers), in other locations as well, such as in introns, exons, 
coding regions, and 3' flanking sequences. 

"Dimerization", ''oligomcrization" and "multimerization" are used interchangeably 
5 herein and refer to the association or clustering of two or more protein molecules, mediated 
by the binding of a drug to at least one of the proteins. In preferred embodiments, the 
multimerization is mediated by the binding of two or more such protein molecules to a 
common divalent or multivalent drug. The formation of a complex comprising two or more 
protein molecules, each of which containing one or more FKBP domains, together with one or 

10 more molecules of an FKBP ligand which is at least divalent (e.g. FK1012 or AP1510) is an 
example of such assodation or clustering. In cases where at least one of the proteins contains 
more than one drug binding domain, e.g., where at least one of the proteins contains three 
FKBP domains, the presence of a divalent drug leads to the clustering of more than two 
protein molecules. Embodiments in which the drug is more than divalent (e.g. trivalent) in 

15 its ability to bind to proteins bearing drug binding domains also can result in clustering of 

more than two protein molecules. The formation of a tripartite complex comprising a protein 
containing at least one FRB domain, a protein containing at least one FKBP domain and a 
molecule of rapamydn is another example of such protein clustering. In certain embodiments 
of this invention, fusion proteins contain midtiple FRB and/or FKBP domains. Complexes of 

20 such proteins may contain more than one molecule of rapamycin or a derivative thereof or 
other dimerizing agent and more than one copy of one or more of the constituent proteins. 
Again, such multimeric complexes are still referred to herein as tripartite complexes to 
indicate the presence of the three types of constituent molecules, even if one or more are 
represented by multiple copies. The formation of complexes containing at least one divalent 

25 drug and at least two protein molecules, each of which contains at least one drug binding 
domain, may be referred to as "oiigomerization" or "multimerization", or simply as 
^dimerization", "clustering'^ or association''. 

"Dimerizer" denotes an improved rapalog of this invention which brings together two or 
more proteins in a multimeric complex. 

30 "Activate" as applied herein to the expression or transcription of a gene denotes a 

directly or indirecdy observable increase in tite production of a gene product 

"Genetically engineeied cclk" denotes cells which have been modified (''transduced") 
by the introduction of recombinant or heterologous nucleic adds (e.g. one or more DNA 
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PCT/US94/08008 and Spencer et al supra. The design and use of such chimeric prnfeins for 
Ugand-mediated gene-knock out and for ligand-mediated blockade of gene expression or 
inhibition of gaie product function are disclosed in PCT/US95/10591. Novel DNA binding 
domains and DNA sequences to which they bind which are usehU in embodiments involving 
5 regulated transcription of a target gene are disclosed, e.g., in Pomeranz et al, 1995, Science 
267:93-96. Those references provide substantial information, guidance and examples relating 
to the design, construction and use of DNA constructs encoding analogous chimeras, target 
gene constructs, and other aspects which may also be useful to the practitioner of the subject 
invention. 

10 By appropriate choice of chimeric proteins, this invention permits one to activate the 

transcription of a desired gene; actuate cell growth, proliferation, differenHaion or 
apoptosis; or trigger other biological events in engineered cells in a rapalog-dependent 
manner analogous to the systems described in the patent documents and other references dted 
above. The engineered cells, preferably animal cells, may be growing or maintained in 
15 culture or may be present within whole organisms, as in the case of human gene therapy, 
transgenic animals, and other sudi applications. The rapalog is administered to the cell 
culture or to the organism containing the engineered cells, as the case may be, in an amount 
effective to multimerize the FFCBP fusion proteins and FRB fusion proteins (as may be 
observed indirectly by monitoring target gene transcription, apoptosis or other biological 
process so triggered). In the case of administration to whole organisms, the rapalog may be 
administered in a composition contaiiung the rapalog and one or more acceptable verterinary 
or pharmaceutical diluents and/or excipients. 

A compound which binds to one of the chimeric proteins but does not form tripartite 
complexes with both chimeric proteins may be used as a multimerization antagonist. As such 
it may be administered to the engineered cells, or to organisms containing them (preferably 
in a composition as described above in the case of administration to whole animals), in an 
amount effective for blocking or reversing the effect of the rapalog, i.e. for preventing, 
inhibiting or disrupting multimerization of the chimeras. For instance, FIC506, FK520 or any 
of the many synthetic FKBP ligands which do not form tripartite complexes with FKBP and 
FRAP maybe used as an antagonist 

One important aspect of this invention provides materials and methods for rapalog- 
dependent, direct activation of transcription of a desired gene. In one such embodiment, a set 
of two or more different chimeric proteins, and corresponding DNA constructs capable of 
directing their expression, is provided. One such chimeric protein contains as its action 
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Embodiments involving regulatable actuation of apoptosis provide engineered cells 
susceptible to rapaiog-inducible cell death. Such engineered cells can be eliminated from a 
cell culture or host organism after they have served their intended purposed (e.g. production 
of a desired protein or other product), if they have or develop unwanted properties, or if 
they are no longer useful safe or desired. Elimination is effected by adding the rapalog to 
the medium or administering it to the host organism. In such cases, the action domains of the 
chimeras are protein domains such as the intracellular domains of FAS or TNF-Rl, 
downstream components of their signaling pathways or other protein domains which upon 
oligomerization trigger apoptosis. 

This invention thus provides materials and methods for achieving a biological effect in 
cells in response to the addition of a rapalog of this invention. The method involves 
providing cells engineered as described herein and exposing the cells to the rapalog. 

For example, this invention provides a method for activating transcription of a target 
gene in cells. The method involves providing cells containing (a) DNA constructs encoding a 
set of chimeric proteins of this invention capable upon rapalog-mediated multimerization of 
initiating transcription of a target gene and (b) a target gene linked to an associated cognate 
DNA sequence responsive to the multimerization event (e.g. a DNA sequence recognized, i.e., 
capable of binding with, a DNA-binding domain of a foregoing chimeric protein. The 
method involves exposing the celb to a rapalog capable of binding to the chimeric proteins 
in an amount effective to result in expression of the target gene. In cases in which the cells 
are growing in culture, exposing the cells to the rapalog may be effected by adding the 
rapalog to the culture medium. In cases in which the cells are present within a host 
organism, exposing them to the rapalog is effected by administering the rapalog to the host 
organism. For instance, in cases in which the host organism is a human or non*human, the 
rapalog may be administered to the host organism by oral, bucal, sublingual, transdermal, 
subcutaneous, intramuscular, intravenous, intra-joint or inhalation administration in an 
appropriate vehicle therefor. Again, depending on the design of the constructs for the 
chimeric proteins and of any accessory constructs, the rapalog-mediated biological event 
may be activation of a cellular function such as signal transduction leading to cell growth, 
cell proliferation, gene transcription, or apoptosis; deletion of a gene of interest, blockade of 
expression of a gene of interest, or inhibition of function of a gene product of interest; direct 
transcription of a gene of interest; etc. 

This invention further encompasses a pharmaceutical composition comprising a rapalog 
of this invention in admixture with a pharmaceutically acceptable carrier and optionally 
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Also provided are kits for producing cells responsive to a rapalog of this invention. One 
such kit contains one or more nucleic add constructs encoding and capable of directing the 
expression of chimeras which, upon rapalog-mediated oiigomerization, trigger the desired 
biological response. The kit may contain a quantity of a rapalog capable of multimerizing 
the chimeric protein molecules encoded by the construct(s) of the kit, and may contain in 
addition a quantity of a multimerization antagonist. The kit may further contain a nucleic 
add construct encoding a target gene (or doning site) linked to a cognate DNA sequence 
which is recognized by the dimerized chimeric proteins permitting transcription of a gene 
linked to that cognate DNA sequence in the presence of multimerized chimeric protein 
molecules. The constructs may be associated with one or more selection markers for 
converuent selection of transfectants, as well as other conventional vector elements useful for 
replication in prokazyotes, for expression in eukaryotes, and the like. The selection markers 
may be the same or different for each different construct, permitting the selection of ceDs 
which contain each such construct(s). 

The accessory construct for introducing into cells a target gene in assodation with a 
cognate DNA sequence may contain a cloning site in place of a target gene. A kit containing 
such a construct permits the engineering of cells for regulatable expression of a gene to be 
provided by the practitioner. 

Other kits of this invention may contain one or two (or more) nudeic acid constructs for 
chimeric proteins in which one or more contain a cloning site in place of the transcriptional 
activator or DNA binding protein, permitting the user to insert whichever such domain s/he 
wishes. Such a kit may optionally indude other elements as described above, e.g. a nucleic 
construct for a target gene with or without a cognate DNA sequence for a pre-selected DNA 
binding domain. 

Any of the kits may also contain positive control cells which were stably transformed 
with constructs of this invention such that they express a reporter gene (for CAT, beta- 
galactosidase or any conveiuently detectable gene product) in response to exposure of the 
cdls to ttie rapalog. Reagents for detecting and/or quantifying the e5q)ression of the reporter 
goie may also be provided. 

For further information and guidance on the design, construction and use of such systems 
or components thereof which may be adapted for use in practising the subject invention, 
reference to the following publications is suggested: Spencer et al, 1993, supra; Rivera et al, 
1996, supra; Spencer et al, 1996, Current Biology 6, 839-847; Luo et al, 1996, Nature, 383, 
181-185; Ho et al, 1996, Nature 382, 822-826; Belshaw et al, 1996, Proc. Natl. Acad. Sd. USA 
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C14, C24 and/or C30; replacement of the 6-membered pipecolatc ring with a S-membered 
prolyl ring; and elimination, derivatization or replacement of one or more substituents of the 
cydohexyl ring or replacement of the cydohexyl ring with a substituted or uz\substituted 
cydopentyl ring. Rapalogs, as that term is used herein, do not indude rapamycin itself, and 
preferably do not contain an oxygen bridge between CI and C30. Illustrative examples of 
rapalogs are disclosed in the documents listed in Table I. Examples of rapalogs modified at 
C7 are shown in Table n. 



Table I 


WO9710502 


WO9418207 


WO9304680 


US5527907 


US5225403 


WO9641807 


WO9410843 


W09214737 


US5484799 


US5221625 


W09635423 


WO9409010 


WO9205179 


US5457194 


US5210030 


WO9603430 


WO94/04540 


US5604234 


US5457182 


US5208241 


WO9600282 


WO9402485 


US5597715 


US5362735 


US5200411 


W09516691 


WO9402137 


US5583139 


U55324644 


US5198421 


W09515328 


WO9402136 


US5563172 


US5318895 


US5147877 


WO9507468 


W09325533 


US556I228 


US5310903 


US5140018 


WO9504738 


WO9318043 


US5561137 


US5310901 


US5116756 


WO9504060 


W09313663 


US5541193 


US5258389 


US5109112 


WO9425022 


WO9311130 


US5541189 


US5252732 


US5093338 


W09421644 


WO9310122 


US5534632 


US5247076 


US5091389 
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Tabic II (cont'd): 




Luengo et al Chemistry & Biology. 1995, 2 (7):471-481; JOC 1995, 59(22):6512-13 
WO 94/02136 (SmithKline Beechaxn) 
WO 95/16691 (Sandoz) 
US 5583139 (Abbott) 

Grinfeld etal, 1994, Tett Letters 35{37):6835-6838 

WO 96/41865 (ARIAD) 
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Table III (confd) 










TBOMS-«tBiiM%Si- 


H0%,^ o 1 



Rapalogs of particular interest for the practice of various aspects of this invention 
compounds of formula H: 




U 



29 



wo 99/36553 



PCT/US99/00178 



practising the subject invention. Thus the improved rapalogs of this invention are rapalogs 
other than those depicted in Table HI. 

In rapamycin, R^* is -OMe; is H; R^^ and R<^ are each (==0); R^^^ and RC28 are 
each — OH; is OMe; and R^ and R* are each H, all with the stereoisomerism as shown on 
5 page 1. Rapalogs usehil in practicing this invention may contain substituents in any of the 
possible stereoisomeric orientations, and may comprise one stereoisomer substantially free of 
other stereoisomers {>9Q%, and preferably >95%, free from other stereoisomers on a molar 
basis) or may comprise a mixture of stereoisomers. 

Also included are pharmaceutically acceptable derivatives of the foregoing compounds, 
10 where the phrase "pharmaceutically acceptable derivative" denotes any pharmaceutically 
acceptable salt, ester, or salt of such ester, of such compoimd, or any other adduct or derivative 
which, upon administration to a patient, is capable of providing (directly or indirectly) a 
rapalog as described herein, or a metabolite or residue thereof. Pharmaceutically acceptable 
derivatives thus include among others pro-drugs of the rapalogs. A pro-drug is a derivative of a 
15 compoxmd, usuaUy with significantly reduced pharmacological activity, which contains an 
additional moiety which is susceptible to removal in vivo yielding the parent molecule as the 
pharmacologically active species. An example of a pro-drug is an ester which is cleaved in vivo 
to yield a compound of interest. Various pro-drugs of rapamycin and of other compounds, and 
materials and methods for derivatizing the parent compoxmds to create the pro-drugs, are 
20 known and may be adapted to the present invention. 

The term "aliphatic" as used herein includes both saturated and unsaturated, straight 
chain {i.e., imbranched), branched, cyclic, or polycyclic aliphatic hydrocarbons, which are 
optionally substituted with one or more functional groups. Unless otherwise specified, alkyl, 
other aliphatic, alkoxy and acyl groups preferably contain 1-8, and in many cases 1-6, 
25 contiguous aliphatic carbon atoms. Illustrative aliphatic groups thus include, for example, 
methyl, ethyl, n-propyl, isopropyt cydopropyl, -CH2-cyclopropyl, allyl, n-butyl, sec-butyl, 

isobutyl, tert-butyl, cydobutyl -CH2-cydobutyl, n-pentyl, sec-pentyl, isopentyl, tert-pentyl, 

cydopentyl, -CH2-cydopentyl^ n-hexyl, sec-hexyl, cydohexyl, -CHj-cydohexyl moieties and 

the like, which again, may bear one or more substituents. 

30 Examples of substituents indude: -OH, -OR^', -SH, -SR^',-CHO, =0, -COOH (or ester, 

carbamate, urea, oxime or carbonate thereof), -NHj (or substihited amine, amide, urea, 
carbamate or guanidino derivative IheroO/ halo, trihaloalkyl, cyano, -SO2-CF3, -OSO2F,- 
0S(0)2R^^ -SO2-NHRII, -NHSO2-R". sulfate, sulfonate, aryl and heteroaryl moieties. Aryl 
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tetrahydrofuranyl, tetrahydropyranyl, aziridine, azetidine, pyrrolidine^ piperidine^ 
morpholine, piperazine and the like. 

The terms "aryl" and "heteroaryl" as used herein refer to stable mono- or polyq^clic, 
heteroqrclic, polyqrdic^ and polyheterocyclic imsatiirated moieties having 3-14 carbon atoms 
5 which may be substituted or uinsubstituted. Substituents include any of the previously mentioned 
substituents. Non-limiting examples of useful aryl ring groups include phenyl, halophenyl, 
. alkoxyphenyl, dialkoxyphenyl, trialkoxyphenyl, alkylenedioxyphenyl, naphthyl, 
phenanthryl, anthryl^ phenanthro and the like. Examples of typical heteroaryl rings include 
5-membered monocyclic ring groups such as thienyl, pyrrolyl, imidazolyl, pyrazolyl furyl, 

10 isothiazolyl, furazanyl, isoxazolyl thiazolyl and the like; 6-membered monocyclic groups such 
as pyridyl, pjrrazinyl, pyrimidinyl, pyridazinyl, triazinyl and the like; and polycyclic 
heterocyclic ring groups such as benzo[b] thienyl, naphthoI2^-b] thienyl, thianthrenyl, 
isobenzofuranyl, chromenyl, xanthenyl, phenoxa thienyl, indolizinyl, isoindolyl, indolyl, 
indazolyl, purinyl, isoquinolyl, quinolyl, phthalazinyl, naphthyridinyi, quinoxalinyl, 

15 quinazolinyl, benzothiazole, benzimidazole, tetrahydroquinoline cinnolinyl, pteridinyl, 
carbazolyl, beta-carbolinyl, phenanthridinyl, acridinyl, perimidinyi, phenanthrolinyl, 
phenazinyl, isothiazolyl, phenothiazinyl, phenoxazinyl, and the like (see e.g, Katritzky, 
Handbook of Heterocyclic Chemistry). Hie aryl or heteroaryl moieties may be substituted with 
one to five members selected from the group consisting of hydroxy, C1-C8 alkoxy, C1-C8 

20 branched or straight-chain alkyl, acyloxy, carbamoyl, amino, N-acylamino, nitro, halo, 

trihalomethyl, cyano, and carboxyl. Aryl moieties thus include, e.^^. phenyl; substituted phenyl 
bearing one or more substituents selected from groups including: halo such as chloro or fluoro, 
hydroxy, C1-C6 alkyl, acyl, acyloxy, C1-C6 alkoxy (such as methoxy or ethoxy, including 
among others dialkoxyphenyl moieties such as 2^-/ 2,4-, 2,5-, 3,4- or 3>dimethoxy or diethoxy 

25 phenyl or such as methylenedioxyphenyl, or 3-methoxy-5-ethoxyphenyl; or trisubstituted 
phenyl, such as trialkoxy (e.g,, 3,4,5-trimethoxy or ethoxyphenyl), 3,5-dimethoxy-4-chloro- 
phenyl, etc.), amino, -SOjNHj, -S02NH(aliphatic), -S02N(aliphatic)2, -O-aliphaHc- 
CCX)H, and -Oaliphatic-NH2 (which may contain one or two N-aliphatic or N-acyl 
substituents). 

30 A TuJo" substituent according to the present invention may be a fluoro, chloro, bromo or 

iodo substituent. Fluoro is often the preferred halogen. 

Compounds of formula II, exclusive of any compounds depicted in Table III, are of special 
interest and constitute an important class of novel compounds. Compounds of this class may 
differ from rapamycin with respect to one, two, three, four, five, six or seven substituent 
35 moieties. This class includes among others rapalogs with modifications, relative lo rapamycin. 
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which and are both other than (=0). Of special interest are those C30.C24 rapalogs 
in which R^^ is a moiety otlier than OMe. In certain embodiments of this subset, R^* and R^ 
are independently selected from -H, -OR^ -SR^ -OC(0)Ri or -CX:(0)NHR^ -NHR^- 
NHC(0)Rl -NH-SOj-R^ and -R2, where R^ = substttuted aryl or allyl or alkylaryl (e.g. benzyl 

or substituted benzyl), so long as one of R^* and R^ is H. In certain embodiments of this subset, 
R^ and R^^ are both -OH, e,g. in the ''S'' configuration. In other embodiments R^° and R^^ 
are independently selected from OR^. This subset includes among others all rapalogs in which 
R^° and R^^ are OH and one of R^* and R^ comprises any of the replacement substituents at 
that position specified for formula n, including any of the C7 substituents identified in 
compounds of Tables II or HI. This subset includes among others rapalogs which differ from 
rapamydn with respect to die moiety a. For instance, this subset includes compounds of the 
formula: 




III 



where at least one of R^^^ and R^ is other than -OMe. Alternative substituents for R^* 
and/or R^ are as disclosed elsewhere herein. Of special interest are compounds in which one 
of R^^ and R^ is cyclic aliphatic, aryl, heterocyclic or heteroaryl, which may be optionally 
substituted. Other compounds within this subset include those in which one, two, three, four or 
five of the hydroxyl groups is epimerized, fluorinated, alkylated, acylated or otherwise 
modified via other ester, caibamate, carbonate or urea formation. An illustrative compound for 
example is the compound of formula III in which the hydroxyl group at C43 is epimerized and 
the hydroxyl groups at C28 and C30 are alkylated, acylated or linked via carbonate formation. 

Another subset of improved rapalogs of special interest are those compotmds of formula II in 
which one or both of R^^^ gnd R^ is F. In various embodiments of this subset, one, two, three. 
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The 13-fluoro rapalogs, including in particular 13-fluoro rapamycin and analogs and 
derivatives thereof containing various substituents which do not abolish immunosuppressive 
5 activity in rapamycin itself, are of interest as immunosuppressants. 

An interesting intersection of some of the foregoing subsets of compoimds is the set of 
improved rapalogs comprising compounds of fonnula 11, or pharmaceutically acceptable 
derivatives thereof, in which R^24 rC30 \^Qf^ other than (=0) and one or both of R^^^ 
and RC28 is F. This set includes, inter alia, 24,30-tetrahydro-'13-F rapalogs, 24,30-tetrahydro- 
10 28-F rapalogs and 24,30- tetrahydro-13,28-diF rapalogs, as well as C7 variants of any of the 

foregoing, in which R^^ is other than OMe. A portion of that set is illustrated by the following 
structure, where R^* and R^ are as previously defined: 




15 These compounds may be further derivatized, e,g., by modifications at one or both of R^^* and 
rC43 relative to the C14 and C43 substituents in rapamycin itself. 
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Synthetic guidance 

The production of rapamydn by fermentation and by total synthesis is known. The 
production of a number of rapalogs as fermentation products is also known. These include among 
5 others rapalogs bearing alternative moieties to the characteristic cyclohexyl ring or pipecolate 
ring of rapamycin, as well as C7-desmethyl-rapamycin, C29-desmethyl-rapamydn and C29- 
desmethoxyrapamycin. 

Methods and materials for effecting various chemical transformatiox\s of rapamycin and 
structurally related macrolides are -known in the art, as are methods for obtaining rapamycin 
10 and various rapalogs by fermentation. Many such chemical transformations of rapamydn and 
various rapalogs are disclosed in the patent documents identified in Table I, above, which serve 
to illustrate the level of skill and knowledge in the art of chemical s)^thesis and product 
. recovery, purification and formulation which may be applied in practicing the subject 
invention. The following representative transformations and /or references which can be 
15 employed to produce the desired rapalogs are illustrative: 



ring position modified 


literature reference 


C7 


Luengo, et al. JOC 59, 6512 (1995); Chem & Biol 2(7), 471-481 (1995) 


C-13 


CIS— >F: protect C28 and C43, rxn at 0' 


C.14 


Schubert, et al Angew Chem Int Ed Engl 23, 167 (1984). 


C-20 


Nelson, US Patent 5,387,680 


C-24 


US Patent 5373,014; 5;378,836 
Lane, et al Syntixesis 1975, pl36. 


C-30 


Luengo et aL Tet. Lett. 35, 6469 (1994) 


various positions 


Or ct al US Patent Nos. 5,527,907 and 5^83,139 
Luengo, WO 94/02136; Cottens et al, WO 95/16691 



Approaches to the synthesis of the various fluoro and difluoro rapalogs are presented 
schematically below: 

20 
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1. Smith, A. B. et al. J. Am. Chem. Soa 1997, 1 19, 962-973. 

2. Mid(Heton,W. J, J, Org. Chem., 1975, 40, 574-578. 

notes: The tri-isopropylsilyl homolog, TIPs, may be used in place of the triethylsilyl protecting moiety, TES, 
The DAST reaction on the doubly protected rapamycin may be conducted at 0 C if desired. 
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Additionally, it is contemplated that rapalogs for use in this invention as well as 
intermediates for the production of such rapalogs may be prepared by directed biosynthesis, e.g. 
as described by Katz et al, WO 93/13663 and by Cane et al, WO 9702358. See also Khaw et al, 
1998, J. Bacteriology iaa(4):809-814 for additional biological methods. 

Novel rapalogs of this invention may be prepared by one of ordinary skill in this art 
relying upon methods and materials known in the art as guided by the disclosure pxesented 
herein. For instance, methods and materials may be adapted from known methods set forth or 
referenced in the documents dted above, the full contents of which are incorporated herein by 
reference. Additional guidance and examples are provided herein by way of illustration and 
further guidance to the practitioner. It should be understood that the chemist of ordinary skill 
in this art would be readily able to make modifications to the foregoing, e,g, to add appropriate 
protecting groups to sensitive moieties during synthesis, followed by removal of the protecting 
groups when no longer needed or desired, and would be readily capable of determining otiher 
synthetic approaches. 



43 



wo 99/36553 



PCTAJS99/00178 



selectively hybridi2dng to a DNA encoding diat other protein^ or would be capable of siich 
hybridization but for the degeneracy of the genetic code. 

FKBP fusion proteins of this invention, as well as FRB fusion proteins discussed in further 
detail below, may ccmtain one or more copies of one or more different ligand binding domains and 
one or more copies of one or more action domains. The ligand binding domain(s) (i.e., FKBP and 
FRB domains) may be N-termiiul, C-terminal, or interspersed with respect to the action 
domain(s). Embodiments involving multiple copies of a ligand binding domain usually have 2 , 
3 or 4 sudi copies. For example, an FKBP fusion protein may contain 2, 3 or 4 FKBP domains. The 
various domains of the FKBP fusion proteins (and of the FRB fusion proteins discussed below) 
are optionally separated by linking peptide regions which may be derived from one of the 
adjacent domains or may be heterologous. 

Illustrative examples of FKBP fusion proteins useful in the practice of this invention 
include the FKBP fusion proteins disclosed in PCT/US94/01617 (Stanford & Harvard), 
PCT/US94/08008 (Stanford & Harvard), Spencer et al (supra), PCT/US95/ 10591 (ARIAD), 
PCT/US95/06722 (Mitotix, Inc.) and other references cited herein; the FKBP fusion proteins 
disclosed in the examples which follow; variants of any of the foregoing FKBP fusion proteins 
which contain up to 10 (preferably 1-5) amino acid insertions, deletions or substitutions in one or 
more of the FKBP domains and which are still capable of binding to rapamycin or to a rapalog; 
variants of any of the foregoing FKBP fusion proteins which contain one or more copies of an 
FKBP domain which is encoded by a DNA sequence capable of selectively hybridizing to a 
DNA sequence encoding a nahirally occurring FKBP domain and which are still capable of 
binding to rapamycin or to a rapalog; variants of any of the foregoing in which one or more 
heterologous action domains are deleted, replaced or supplemented with a different 
heterologous action domain; variants of any of the foregoing FKBP fusion proteins which are 
capable of binding to rapamycin or a rapalog and which contain an FKBP domain derived from 
a non-human source; and variants of any of ttie foregoing FKBP fusion proteins which contain 
one or more amino add residues corresponding to Tyr26, Phe36, Asp37^ Arg42, Phe46, Phe48, 
Glu54, Val55, or Phe99 of human FKBP12 in which one or more of those amino add residues is 
replaced by a different amino add, the variant being capable of binding to nipamydn or a 
rapalog. 

For instance, in a number of cases the FKBP fusicm proteins comprise multiple copies of an 
FKBP domain containing amino adds 1-107 of himian FKBP12, separated by the 2*amino add 
linker Thr-Arg encoded by ACTAGA, the ligation product of DMAs digested respectively with 
the restriction endonudeases Spel and Xbal. The following table provides illustrative subsets of 
mutant FKBP domains based on the foregoing FKBP12 sequence: 
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the FRB domain spans fewer than about 150 amino adds in length, and in some cases fewer thaii. 
about 100 amino adds. One sudi region comprises a 133 amino add region of human FRAP 
extending from Val2012 through Tyr2144. See Chiu et al, 1994, Proc. Natl, Acad, Sd. USA 
91:12574-12578. An FRB region of particular interest spans Glu2025 through Gln2114 of human 
FRAP and retains affinity for a FKBP12-rapamycin complex or for FKBP-rapalog complex. In 
some exnbodiments Q2214 is removed from the 90-axnino add sequence rendering this an 89- 
amino add FRB domain. The FRB peptide sequence may be modified to adjust tiie binding 
spedfidty, usually with replacement, insertion or deletion, of 10 or fewer, preferably 5 or 
fewer, amino adds. Sud\ modifications are elected in certain embodiments to achieve a 
preference towards formation of the complex comprising one or more molecules of the FKBP 
fusion protein, FRB fusion protein and an improved rapalog over fonnation of complexes of 
endogenous FKBP and FRAP proteins witti the rapalog. Preferably that preference is at least 
one, and more preferably at least two, and even more preferably three, orders of magnitude (by 
any measure). 

A recombinant DNA erKoding such a protein will be capable of selectively hybridizing to a 
DNA encoding a FRAP sjpedes, or would be capable of such hybridization but for the degeneracy 
of the genetic code. Again, since these chimeric proteins contain an effector domain derived from 
another protein, e.g. GaI4, VP16, Fas, CDS zeta chain, etc, the recombinant DNA encoding the 
chimeric protein will be capable of selectively hybridizing to a DNA encoding that other 
protein, or would be capable of such hybridization but for the degeneracy of the genetic code. 

Illustrative examples of FRB chimeras useful in the practice of this invention indude those 
disclosed in the examples which follow, variants thereof in which one or more of the 
heterologous domains are replaced with alternative heterologous domains or supplemented 
with one or more additional heterologous domains, variants in which one or more of the FRB 
domains is a domain of non-human peptide sequence origin (sudi as Tor 2 or Candida for 
example), and variants in which the FRB domain is modified by amino add substitution, 
replacement or insertion as described herein, so long as the chimera is capable of binding to a 
complex formed by an FKBP protein and an improved rapalog of this invention. An illustrative 
FRB fusion protein contains one or more FRBs of at least 89-amino adds, containing a sequence 
spanning at least residues 2025-2113 of human FRAP, separated by the linker Tlir-Arg formed 
by ligation of Spel-Xbal sites as mentioned previously. It should be appredated that such 
restriction sites or linkers in any of the fusion proteins of this invention may be deleted, 
replaced or extended using conventional techniques such as site-directed mutagenesis. 
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or substituting a repressor domain (see PCT/US94/01617) in place of a transcriptinn activation 
domain provides an analogous chimera useful for inhibiting transcription of a target gene. 
Conq^osite DMA binding domains and DNA sequences to which they bind are disclosed in 
Pomerantz et al^ 1995^ supra, the contents of which are incorporated herein by reference. Such 
composite DNA binding domains may be used as DNA biruiing domains in the practice of this 
invention, toge^er with a target gene construct containing the cognate DNA sequences to which 
the composite DBD binds. 

In embodiments involving indirect activation of transcription, the heterologous domains of 
the chimeras are effector domains of signaling proteins which upon aggregation or 
multimerization trigger the activation of transcription under the control of a responsive 
promoter. For example, the signaling domain may be the intracellular domain of the zeta 
subunit of the T cell receptor, which upon aggregation, triggers transcription of a gene linked to 
the rL-2 promoter or a derivative thereof (e.g. iterated NF-AT binding sites). 

In another aspect of the invention, the heterologous domains are protein domains which 
upon mutual association are capable of triggering cell death. Examples of such domains are the 
intracellular domains of the Fas antigen or of the TNF Rl. Chimeric proteins containing a Fas 
domain can be designed and prepared by analogy to the disclosure of PCT/US94/01617. 

Engineered receptor domains 

As noted previously, die FKBP and FRB domains may contain peptide sequence selected 
from the peptide sequences of naturally occurring FKBP and FRB domains. Naturally occurring 
sequences include those of human FKBP12 and the FRB domain of human FRAP. Alternatively, 
the peptide sequences may be derived from such naturally occurring peptide sequences but 
contain generally up to 10, and preferably 1-5, mutations in one or both such peptide sequences. 
As disclosed in greater detail elswhere herein, such mutations can confer a number of important 
features. For instance, an FKBP domain may be modified such that it is capable of binding an 
improved rapalog preferentially, Le. at least one, preferably two, and even more prefexably 
three or four or more orders of magnitude more effectively, with respect to rapalog binding by 
the unmodified FKBP domain. An FRB domain may be modified such that it is capable of 
binding a (modified or uiunodified) FKBP:rapalog complex preferentially, i.e. at least one, 
preferably two, and even more preferably three orders of magnitude mote effectively, with 
respect to the unmodified FRB domain. FKBP and FRB domains may be modified such that they 
are capable of forming a tripartite complex with an improved rapalog, preferentially, i.e. at 
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more rapalog or rapamycin substituents. A collection of polypeptides containing FKBP domains ! 
randomized at the identified positions (such as are noted in the foregoing paragraph) is 



prepared e.g. using conventional synthetic or genetic methods. Such a collection represents a set 
of FKBP domains containing replacement amino adds at one or more of such positions. The 

5 collection is screened and FKBP variants are selected which possess the desired rapalog binding 
properties. In general^ randomizing several residues simultaneously is expected to yield 
compensating mutants of higher affinity and specificity for a given bumped rapalog as it 
maximizes the likelihood of beneficial cooperative interactions between sidechains. 
Techniques for preparing libraries randomized at discrete positions are known and include 

10 primer-directed mutagenesis using degenerate oligonucleotides, PGR with degenerate 

oligonucleotides, and cassette mutagenesis with degenerate oligonucleotides (see for example 
Lowman, H.B, and Wells, J.A. Methods: Comp. Methods Enzymol. 1991. 3, 205-216; Dennis, M.S. 
and Lazarus, RA. 1994. J. Biol. Chem. 269, 22129-22136; and references therein). 

We further contemplate that in many cases, randomization of only the few residues in or 
15 near direct contact with a given position in rapamycin may not completely explore all the 
possible variations in FKBP conformation diat could optimally accommodate a rapalog 
substituent (bump). Thus the construction is also envisaged of imbiased libraries containing 
' random substitutions diat are not based on structural considerations, to identify subtle mutations 
or combinations thereof that confer preferential binding to bumped rapalogs. Several suitable 
20 mutagenesis schemes have been described, including alanine-scanning mutagenesis (Cunningham 
and Wells (1989) Science 244, 1081-1085), PCR misincorporation mutagenesis (see eg. Cadwell 
and Joyce,1992, PCR Meth. Applic. 2, 28-33), and *DNA shuffling' (Stemmer, 1994, Nature 370, 
389-391 and Crameri et al, 1996, Nature Medicine 2, 100-103). These techniques produce 
libraries of random mutants, or sets of single mutants, that are then searched by screening or 
25 selection approaches. 

In many cases, an effective strategy to identify the best mutants for preferential binding of a 
given bump is a combination of structure-based and unbiased approaches. See Clackson and 
Wells, 1994, Trends Biotechnology 12, 173-184 (review). For example we contemplate the 
construction of libraries in whidi key contact residues are randomized by PCR with degenerate 
30 oligonucleotides, but witti amplification performed using error-promoting conditions to 

introduce further mutations at random sites. A further example is the combination of component 
DNA fragments from structure-based and unbiased random libraries using DNA shuffling. 

Screening of libraries for desirable mutations may be performed by use of a yeast 2-hybrid 
system (Fields and Song (1989) Nature 340, 245-246). For example, an FRB-VP16 fusion may be 
35 inbroduced into one vector, and a library of randomized FKBP sequences cloned into a separate 
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phage, display on plasmids, display on baculovirus). Furthermore, selection and screening 
strategies can also be used to improve other properties of benefit in the application of this 
invention, sudi as enhanced stability in vivo. For a review see Clackson, T. & Wells, J A. 1994. 
Trends BiotechnoL 12, 173-184. 

(b)FRAP 

Similar considerations apply to the generation of mutant FRB domains which bind 
preferentially to improved rapalogs containing modifications (i.e., are 'bumped') relative to 
rapamycin in the FRAP-binding portion of the macrocyde. For example, one may obtain 
preferential binding using rapalpgs bearing substituents other than -OMe at the C7 position 
with FRBs based on the human FRAP FRB peptide sequence but bearing amino acid substitutions 
for one of more of the residues Tyr2038, Phe2039, Thr2098, Gln2099, TrpZlOl and Asp2102. 
Exemplary mutations include Y2038H, Y2038L, Y2038V, Y2038A, E2039H, F2039L, F2039A, 
F2039V, D2102A, T2098A, T2098N, andT2098S. Rapalogs bearing substituents other than -OH at 
C28 and/or substituents other than =0 at C30 may be used to obtain preferential binding to 
FRAP proteins bearing an amino add substitution for Glu2032. Examplary mutatior\s include 
E2032A and E2032S. Proteins comprising an FRB containing one or more amino add replacements 
at the foregoing positions, libraries of proteins or peptides randomized at those positions (i.e., 
containing various substituted amino adds at those residues), libraries randomizing the entire 
protein domain, or combinations of these sets of mutants are made using the procedures described 
above to identify mutant FRAPs that bind preferentially to bumped rapalogs. 

The affinity of candidate mutant FRBs for the complex of an FKBP protein compiexed with 
a rapalog may be assayed by a number of techniques; for example binding of in vitro translated 
FRB mutants to GST-FKBP in the presence of drug (Chen et aL 1995. Proc. Natl. Acad. Sci. USA 
92, 4947-4951); or ability to participate in a rapalog-dependent transcriptionally active 
complex with an appropriate FKBP fusion protein in a yeast two-hybrid assay. 

FRB mutants with desired binding properties may be isolated from libraries displayed on 
phage using a variety of sorting strategies. For example, a rapalog is mixed with the library 
phage pool in solution in the presence of recombinant FKBP tagged with an affiiuty handle (for 
example a hexa-histidine tag, or GST), and the resultant complexes are captured on the 
appropriate affinity matrix to enrich for phage displaying FRAP harboring complementary 
mutations. 

An additional feature of the FRB fusion protein that may vary in the various embodiments 
of this invention is the exact sequence of the FRB domain used. In some applications it may be 
preferred to use portions of an FRB which are larger than the mirumal (89 amino add) FRB . 
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used (i) to identify amino add substitutions^ deletions or insertions to an FKBP domain which 
measurably diminish the domain's ability to form the tripartite complex with a given rapalog 
and the endogenous FRB; (ii) to identify amino add substitutions, deletions or insertions to an 
FRB domain which measurably diminish the domain's ability to form the tripartite complex 
with a given rapalog and the endogenous FKBP; and (iii) to select and/or otherwise identify 
compensating mutation(s) in the partner protein. As examples of suitable mutant FKBPs with 
diminished effectiveness in tripartite complex formation^ we indude mammalian^ preferably 
human FKBP in which one or both of Hisd7 and Ile90 are replaced with amino adds sudi as 
Arg, Trp, Phe, Tyr or Lys which contain bulky side chain groups; FRB domains, preferably 
containing mammalian, and more preferably of human, peptide sequence may then be mutated 
as desCTibed above to generate complementary variants which are capable of forming a 
tripartite complex with the mutant FKBP and a given rapalog. Illustrative FRB mutations 
which may be useful with H87W or H87R hFKBP12s indude human FRBs in which Y2038 is 
replaced by V, S, A or L; F2039 is replaced by A; and /or R2042 is replaced by L, A or S. 
Illustrative FRB mutations which may be useful with I90W or I90R hFKBP12s include human 
FRBs in which K2095 is replaced with L, S, A or T. 

Additionally, in optimizing the receptor domains of this invention, it should be 
appredated that immunogenidty of a polypeptide sequence is thought to require the binding of 
peptides by MHC proteins and the recognition of the presented peptides as foreign by 
endogenous T-cell receptors. It may be preferable, at least in human gene therapy applications, 
to tailor a given foreign peptide sequence, including junction peptide sequences, to minimize the 
probability of its being immunologically presented in humans. For example, peptide binding to 
human MHC dass I molecules has strict requirements for certain residues at key 'anchor* 
positions in the bound peptide: eg. HLA-A2 requires leucine, methionine or isoleudne at 
position 2 and leucine or valine at the C-terminus (for review see Stem and Wiley (1994) 
Structure 2, 145-251). Thus in engineering proteins in the practice of this invention, this 
periodicity of these residues is preferably avoided, especially in human gene therapy 
applications. The foregoing applies to all protein engineering aspects of the invention, 
induding without limitation the engineering of point mutations into receptor domains, and to 
the choice or design of boundaries between the various protein domains. 

Other components, design features and applications 

The chimeric proteins may contain as a heterologous domain a cellular localization domain 
such as a membrane retention domain. See e.g. PCT/US94/01617, espedally pages 26-27. 
Briefly, a membrane retention domain can be isolated from any convenient membrane-bound 
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same species as the host ceU. Thxis, for genetic engineering of hiunan cells, it is often preferred 
that the heterologous domains (as well as tiie FKBP and FRB domains) be of human origin, 
rather than of bacterial, yeast or other non-human source. 

We also note that epitope tags may also be incorporated into chimeric proteins of this 
5 invention to permit convenient detection. 

Tissuc-spcdfic or cell-type specific expression 

It will be preferred in certain embodiments, that the chimeric proteins be expressed in a 
cell-specific or tissue-specific manner. Such specificity of expression may be achieved by 
10 operably linking one ore more of the DNA sequences encoding the chimeric protein(s) to a cell- 
type specific transcriptional regulatory sequence (e.g. promoter/ enhancer). Numerous cell-type 
specific transcriptional regulatory sequences are known. Others may be obtained from genes 
which are expressed in a cell-specific maimer. See e.g. PCT/US95/ 10591, especially pp. 36-37. 

For example, constructs for expressing the chimeric proteins may contain regulatory 
15 sequences derived from known genes for specific expression in selected tissues. Representative 
examples are tabulated below: 



Tissue 


Gene 


Reference 


lens 


g2-crystailin 


Breitmarv M-L., Qapoff, S., Rossant, J., Tsui, L.C., Golde, L.M., 
MaxweU, I.H., Bemstin, A. (1987) Genetic Ablation: targeted 
expression of a toxin gene causes microphthalmia in transgenic 
mice. Science 238: 1563-1565 


aA-crystallin 


Landel, CP., Zhao, J., Bok, D., Evans, G A. (1988) Lens-specific 
expression of a recombinant ridn induces developmental defects 
in the eyes of transgenic mice. Genes Dev. 2x 1168-1178 


Kaur, S., key, B., Stock, J., McNeish, J.D., Akeson, R., Potter, S.S. 
(1989) Targeted ablation of alpha-crystallin-synthesizing cells 
produces lens-deficient eyes in transgenic mice. Development 105: 
613-619 


pituitary 
- somatrophic 
cells 


Growth hormone 


Behringer, R-R., Mathews, L5., Pahniter, R.D., Brinster, R.L. 
(1988) Dwarf mice produced by genetic ablation of growth 
hormone-expressing cells. Genes Dev. 2: 453-461 «./ ... 
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liver 


tyrosine 






aminotransfer- 






ase, albumin. 






apolipoproteins 





Taiget Gene Constructs 

In embodiments of the invention in which the chimeric proteins are designed such that 
their multimerization activates transcription of a target gene, an appropriate target gene 
construct is also used in the engineered cells. Appropriate target gene constructs are those 
containing a target gene and a cognate transcriptional control element such as a promoter and/or 
enhancer which is responsive to the multimerization of the chimeric proteins. In embodiments 
involving direct activation of transcription, that responsiveness may be adiieved by the 
presence in d\e target gene construct of one or more DNA sequences recognized by the DN A- 
binding domain of a chimeric protein of this invention (i.e., a DNA sequence to which the 
chimeric protein binds), in embodiments involving indirect activation of transcription, 
responsiveness may be achieved by the presence in the target gene construct of a promoter and /or 
enhancer sequence which is activated by an intracellular signal generated by multimerization 
of the chimeric proteins. For example, where the chimeric proteins contain the TCR zeta chain 
intracellular domain, the target gene is linked to and under the expression control of the IL-2 
promoter region. 

This invention also provides target DNA constructs containing (a) a cognate DNA sequence, 
e.g. to which a DNA-binding chimeric protein of ttus invention is capable of binding (or which 
is stisceptible to indirect activation as discussed above), and (b) flanking DNA sequence from 
the locus of a desiied target gene endogenous to the host cells. These constructs permit 
homologous recombination of the cognate DNA sequence into a host cell in association with an 
endogenous target gene. In other embodiments the construct contains a desired gene and flanking 
DNA sequence from a target locus permitting the homologous recombination of the target gene 
into the desired locus. Such a target construct may also contain the cognate DNA sequence, or the 
cognate DNA sequence may be provided by the locus. 

The target gene in any of the foregoing embodiments may encode for example a surface 
membrane protein (such as a receptor protein), a secreted protein, a cytoplasmic proteirv a 
nuclear protein^ a zecombinase sudi as Cre, a ribozyme or an antisense RNA. See 
FCT/US94/01617 for general design and construction details and for various applications 
including gene therapy and see FCT/U595/ 10591 regarding applications to animal models of 
disease. 
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biochemical analysis oithe encoded chimera^ it may be desirable to construct plasmids that 
direct the expression of the protein in bacteria or in reticulocyte-lysate systems. For use in the 
production of proteins in mammalian cells, the protein-encoding sequence is introduced into an 
expression vector that directs expression in these cells. Expression vectors suitable for such uses 
are well known in the art. Various sorts of such vectors are commercially available. 

Constructs encoding the chimeric proteins and target genes of this invention can be 
introduced into the ceUs as one or more DNA molecules or constructs, in many cases in association 
with one or more markers to allow for selection of host cells which contain die construct(s). The 
construct(s) once completed and demonstrated to have ttie appropriate sequences may then be 
introduced into a host cell by any convenient means. The constructs may be incorporated into 
vectors capable of episomal replication (e.g. BPV or EBV vectors) or into vectors designed for 
integration into the host cells' chromosomes. The constructs may be integrated and packaged 
into non-replicating, defective viral genomes like Adenovirus, Adeno-associated virus (AAV), 
or Herpes simplex virus (HSV) or others, including retroviral vectors, for infection or 
• transduction into cells. Viral delivery systems are discussed in greater detail below. 
Alternatively, the construct may be introduced by protoplast fusion, electro-poration, biolistics, 
calcium phosphate Iransfection, lipofection, miaoinjection of DNA or the like. The host cells 
will in some cases be grown and expanded in culture before introduction of the construct(s), 
followed by the appropriate treatment for introduction of the construct(s) and integration of the 
construct(s). The cells will then be expanded and screened by virtue of a marker present in the 
constructs. Various markers which may be used successfully include hprt, neomycin resistance, 
thymidine kinase, hygromycin resistance, etc., and various cell-surface markers such as Tac, 
CDS, CDS, Thyl and the NGF receptor. 

In some instances, one may have a target site for homologous recombiriation, where it is 
desired that a construct be integrated at a particular locus. For example, one can delete and /or 
replace an endogenous gene (at the same locus or elsewhere) with a recombinant target construct 
of this invention. For homologous recombination, one may generally use either i2 or O-vectors. 
See, for example, Hiomas and Capecchi, Cell (1987) 51, 503-512; Mansour, et al.. Nature (1988) 
336, 348-352; and Joyner, et aL, Nature (1989) 338, 153-156. 

The constructs may be introduced as a single DNA molecule encoding all of the genes, or 
ditfeient DNA molecules having one or more gaies. The constructs may be introduced 
simultaneously or consecutively, each with the same or different markers. 

Vectors containing useful elements such as bacterial or yeast origins of replication, 
selectable and/or amplifiable markers, promoter /enhancer elements for expression in 
procaryotes or eucaryotes, and mammalian expression control elements, etc. which may be used 
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into the culture medium, which can then be used to infect cells in culture. Since retroviruses are 
unable to infect non-dividing cells, they have been used primarily for ex vivo gene therapy. 

AAV Vectors 

Adeno-associated virus (AAV)-based vectors are of general interest as a delivery vehicle to 
various tissues, including muscle and lung. AAV vectors infect cells and stably integrate into the 
cellular genome with high frequency. AAV can infect and integrate into growth-arrested cells 
(such as the pulmonary epithelhim), and is non-pathogenic. 

The AAV-based expression vector to be used typically includes the 145 nucleotide AAV 
inverted terminal repeats (ITRs) fiankii\g a restriction site that can be used for subdoning of the 
transgene, either direcdy using the restriction site available, or by excision of the transgene 
with restriction enzymes followed by blunting of the ends, ligation of appropriate DNA linkers, 
restriction digestion, and ligation into the site between the ITRs. The capacity of AAV vectors 
is about 4,4 kb. The following proteins have been expressed using various AAV-based vectors, 
and a variety of promoter/enhancers: neomycin phosphotransferase, chloramphenicol acetyl 
transferase, Fanconi's anemia gene, cystic fibrosis transmembrane conductance regulator, and 
granulocyte macrophage colony-stimulating factor (Kotin, R.M., Human Gene Therapy 
5:793-801, 1994, Table I). A transgene incorporating the various DNA constructs of ttus invention 
can similarly be included in an AAV-based vector. As an alternative to inclusion of a 
constitutive promoter such as CMV to drive expression of the recombinant DNA encoding the 
fusion protein(s), an AAV promoter can be used (ITR itself or AAV p5 (Flotte, et al. J. Biol. 
Chem. 268:3781-3790, 1993)). 

Such a vector can be packaged into AAV virions by reported methods. For example, a human 
cell line such as 293 can be co-transfected with the AAV-based expression vector and another 
plasmid containing open reading hrames encoding AAV rep and cap under the control of 
endogenous AAV promoters or a heterologous promoter In the absence of helper virus, the rep 
proteins Rep68 and Rep78 prevent accumulation of the replicative form, but upon superinfection 
witti adenovirus or herpes virus, these proteins permit replication from the ITRs (present only 
in the construct containing the transgene) and expression of the viral capsid proteins. This 
system results in packaging of the transgene DNA into AAV virions (Carter^ B.J., Current 
Opinion in Biotechnology 3533-539, 1992; Kotin, R^, Human Gene Therapy 5:793-801, 1994)). 
Methods to improve the titer of AAV can also be used to express the transgene in an AAV virion. 
Such strategies include, but are not limited to: stable expression of the ITR-flanked h-ansgene in 
a cell line followed by transfection with a second plasmid to direct viral packaging; use of a- cell 
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delivery protocol by the same meOiods (restriction digest linker ligation or fiiline in of ends, 
and ligation) used to insert the CFTR or odier genes into the vectors. Hybrid Adenovinis-AAV 
vectors represented by 'an adenovirus capsid containing selected portions of the adenovirus 
sequence, 5' and 3' AAV ITR sequences flanking the transgene and other conventional vector 
5 regulatory elements may also be used. See e.g. Wilson et al. International Patent Application 
Publication No. WO 96/13598. For additional detailed guidance on adenovirus and hybrid 
adenovirus-AAV technology which may be useful in the practice of the subject invention, 
including methods and materials for the incorporation of a transgene, the propagation and 
purification of recombinant virus containing the transgene, and its use in transfecting cells and 
10 mammals, see also Wilson et al, WO 94/28938, WO 96/13597 and WO 96/26285, and references 
dted therein. 

m * ft 

Generally the DNA or viral particles are transferred to a biologically compatible solution 
or pharmaceutically acceptable delivery vehicle, such as sterile saline, or other aqueous or 
15 non-aqueous isotonic sterile injection solutions or suspensions, numerous examples of which are 
well known in the art, including Ringer's, phosphate buffered saline, or other similar vehicles. 

Preferably, in gene therapy applications, the DNA or recombinant virus is administered in 
sufficient amounts to trar\sfect cells at a level providing therapeutic benefit without undue 
adverse effects. Optimal dosages of DNA or virus depends on a variety of factors, as discussed 
20 elsewhere, and may thus vary somewhat from patient to patient. Again, therapeutically 
effective doses of viruses are considered to be in the range of about 20 to about 50 ml of saline 
solution containing concentrations of from about 1 X 10^ to about 1 X lO^*' pfu of virus/ml, e.g. from 
1 X 10* to 1 X 10' phi of virus/ml. 

25 Host Cells 

This invention is particularly useful for the engineering of animal cells and in applications 
involving the use of such engineered animal cells. The animal cells may be insect, worm or 
mammalian cells. While various mammalian cells may be used, including, by way of example, 
equine, bovine, ovine, canine, feline, murine, and non-human primate cells, human cells are of 
30 particular interest. Among the various species, various types of cells may be used, such as 
hematopoietic, neural, ^ial, mesenchjrmal, cutaneous, mucosal, stromal, muscle (including 
smooth mus'de cells), spleen, reticulo-endothelial, epithelial, endothelial, hepatic, kidney, 
gastrointestinal, pulmonary, fibroblast, and other cell types. Of particttlar interest are 
hematopoietic cells, which may include any of the nucleated cells which may be involved with 
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organism or patient for-the production of a therapeutic protein. See e.g. Hguyen et al. Tissue 



Implant Systems and Methods for Sustaining viable High Cell Densities within a Host, US 
Patent No. 5^14,471 (Baxter International, Inc.); Uludag and Sefton, 1993, J Biomed. Mater. Res. 
27(10):1213-24 (HepG2 cells/hydroxyethyl methacrylate-methyl methacrylate membranes); 
5 Chang et al, 1993, Hum Gene Ther 4(4):433-40 (mouse Ltk- cells expressing 

hGH/immunoprotective perm-sdective alginate microcapstdes; Reddy et al, 1993, J Infect Dis 
168(4):1082-3 (alginate); Tai and Sun, 1993, FASEB J 7(ll):1061-9 (mouse fibroblasts expressing 
hGH/alginate-poly-L-Iysine-alginate membrane); Ao et al, 1995, Transplanataion Proc. 
27(6):3349, 3350 (alginate); Rajotte et al, 1995, Transplantation Proc. 27(6):3389 (alginate); 

10 Lakey et al, 1995, Transplantation Proc. 27(6):3266 (alginate); Korbutt et al, 1995, 

Transplantation Proc. 27(6):3212 (alginate); Dorian et al, US Patent No. 5,429,821 (alginate); 
Emerich et al, 1993, Exp Neurol 122(l):37-47 (polymer-encapsulated PC12 cells); Sagen et al, 
1993, J Neurosd 13(6):2415-23 (bovine chromaffin cells encapsulated in semipermeable polymer 
membrane and implanted into rat spinal subarachnoid space); Aebischer et al, 1994, Exp Neurol 

15 126(2):151-8 (pol3aner-encapsulated rat PC12 cells implanted into monkeys; see also Aebischer, 
WO 92/19595); Savelkoul et al, 1994, J hnmunol Methods 170(2):185-96 (encapsulated 
hybridomas producing antibodies; encapsulated transfected cell lines expressing various 
cytokines); Winn et al, 1994, PNAS USA 91(6):2324-8 (engineered BHK cells expressing human 
nerve growth factor encapsulated in an immuno isolation polymeric device and transplanted into 

20 rats); Emerich et al, 1994, Prog Neuropsychopharmacol Biol Psychiatry 18(5):935-46 (polymer- 
encapsulated PC12 cells implanted into rats); Kordower et al, 1994, PNAS USA 91(23):10898- 
902 (polymer-encapsulated engineered BHK cells expressing hNGF implanted into monkeys) 
and Butler et al WO 95/04521 (encapsulated device). The ceUs may then be introduced in 
encapsulated form into an animal host, preferably a mammal and more preferably a human 

25 subject in need thereof. Preferably the encapsulating material is semipermeable, permitting 
release into the host of secreted proteins produced by the encapsulated cells. In many 
embodiments the semipermeable encapsulation renders the encapsulated cells immimologically 
isolated from the host organism in which the encapsulated cells are introduced. In those 
embodiments the cells to be encapsulated may express one or more chimeric proteins containing 

30 component domains derived from proteins of the host spedes and/or from viral proteins or 
proteins fromi spedes other than the host spedes. For example in such cases the chimeras may 
contain elemente derived from GAL4 and VP16. The cells may be derived from one or more 
individuals other than the redpient and may be derived from a species other than that of the 
redpient organism or patient 

35 Instead of ex vivo modification of the cells, in many situations one may wish to modify cells 

in vivo. For this purpose, various tedmiques have been developed for modification of target 
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Corresponding cell-based assays may also be conducted in engineered yeast cells. See e.g. WO 
95/33052 (Berlin et al). 

It will often be preferred that the rapalogs of this invention be physiologically acceptable 
(Le., lack undue toxicity toward the cell or organism with which it is to be used), can be taken 
orally by animals (i.e., is orally active in applications in whole animals, including gene 
therapy), and /or can cross cellular and other membranes, as necessary for a particular 
application. 

In addition, preferred rapalogs are those which bind preferentially to mutant 
immunophilins (by way of non-limiting example, a human FKBP in which Phe36 is replaced 
with a different amino add^ preferably an amino acid with a less bulky R group such as valine 
or alanine) over native or naturally-K}curring immunophilins. For example, such compounds may 
bind preferentially to mutant FKBPs at least an order of magnitude better than they bind to 
human FKBP12, and in some cases may bind to mutant FKBPs greater than 2 or even 3 or more 
orders of magnitude better than they do to human FKBP12; as determined by any scientifically 
valid or art-accepted assay methodology. 

Binding affinities of various rapalogs of this invention with respect to human FKBP12, 
variants thereof or other immunophilin proteins may be determined by adaptation of known 
methods used in the case of FKBP. For instance, the practitioner may measure the ability of a 
compoimd of this invention to compete with the binding of a known iigand to the protein of 
interest. See e.g. Sierkierka et al, 1989, Nature 341, 755-757 (test compotmd competes with 
binding of labeled FK506 derivative to FKBP). 

One set of preferred rapalogs of this invention which binds, to hximan FKBP12, to a mutant 
thereof as discussed above, or to a fusion protein containing such FKBP domains, with a Kd 
value below about 200 nM, more preferably below about 50 nM , even more preferably below 
about 10 nM, and even more preferably below about 1 nM, as measured by direct binding 
measurement (e.g. fluorescence quenching), competition binding measurement (e.g. versus 
FK506), inhibition of FKBP enzyme activity (rotamase), or ottier assay methodology. In one 
subset of such compounds, the FKBP domain is one in which phenylalanine at position 36 has 
been replaced with an amino acid having a less bulky side chain, e.g. alanine, valine, 
mettuonine or serine. 

A Competitive Binding FP Assay is described in detail in the examples which follow. That 
assay permits the in vitro measurement of an IC50 value for a given compound which reflects its 
ability to bind to an FKBP protein in competition with a labeled FKBP ligand, such as, for 
example, FK506. 
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express a detectable product. The cells also contain and are capable of expressing DMAs 
encoding chimeric proteins comprising one or more immimophilin-derived ligand binding 
domains and one or more effector domains, such as the intracellular domain of FAS, capable, 
upon multimerization, of triggering cell death. The design and preparation of illustrative 
5 components and their use in so engineering cells is described in W095/ 02684. See also 

W096/41865. The cells are maintainined or cultured in a culture medium permitting cell growth 
or continued viability. The cells or medium are assayed for the presence of the constitutive 
cellular product^ and a base-line level of reporter is thus established. One may use cells 
engineered for constihxtive production of hGH or any other conveniently detectable product to 
10 serve as the reporter. The compound to be tested is addded to the medium, the cells are 

incubated, and the cell iysate or medium is tested for the presence of reporter at one or more time 
points. Decrease in reporter production indicates cell death, an indirect measure of 
multimerization of the fusion proteins. 

Another preferred class of compounds of this invention are those which are capable of 
15 inducing a detectable signal in such an FKBP/FRB-based apoptosis assay. Preferably, the 
FKBP domain is an FKBP domain other than wild-type human FKBP12. In some cases, the 
FKBF domain is modified, as discussed above. Also preferably, the FRB domain is an FRB 
domain other than wild-type FRB from human FRAP. In some cases, the FRB domain is 
modified at position 2098, as described above. 

20 Conducting such assays permits the practitioner to select rapalogs possessing the desired 

IC50 values and/or bmding preference for a mutant FKBP over wild-type human FKBP12. The 
Competitive Binding FP Assay permits one to select monomers or rapalogs which possess the 
desired IC50 values and/or binding preference for a mutant FKBP or wild-type FKBP relative to 
a control, such as FK506. 

25 Applications 

The rapalogs can be used as described in W094/18317, WO95/02684, WO96/20951, 
W095/41865, e.g. to regulatably activate ttie transcription of a desired gene, delete a target 
gene, actuate apoptosis, or trigger other biological events in engineered cells growing in culture 
or in whole organisms, including in gene therapy applications. The following are non-limiting 
30 examples of applications of the subject inventioru 



1. Regulated gene therapy. In many instances, the ability to switch a dierapeutic gene on 
and off at will or the ability to titrate expression with precision are important for therapeutic 
efficacy. This invention is particularly well suited for achieving regulated expression of a 
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therapeutic effect, an antagonist to the dimerizing agent can be administered in any convenient . ■ 
way, particularly intravascularly, if a rapid reversal is desired. Alternatively, one may 
provide for the presence of an inactivation domain (or transcriptional silencer) with a ligand 
binding domain. In another approach, cells may be eliminated through apoptosis via signalling 
5 through Fas or TNF receptor as described elsewhere. See International Patent Applications 
PCT/US94/01617 and PCT/US94/08008. 

The particular dosage of the improved rapalog for any application may be determined in 
accordance with the procedures used for therapeutic dosage monitoring, where maintenaiice of a 
particular level of expression is desired over an extended period of times, for example, greater 

10 . than about two weeks, or where there is repetitive therapy, with individual or repeated doses 
of improved rapalog over short periods of lime, with extended intervak, for example, two 
weeks or more. A dose of the improved rapalog within a predetermined range would be given 
and monitored for response, so as to obtain a time-expression level relationship, as well as 
observing therapeutic response. Depending on the levels observed during the time period and 

15 the therapeutic response, one could provide a larger or smaller dose the next time, following the 
response. This process would be iterativeiy repeated until one obtained a dosage within the 
therapeutic range. Where the improved rapalog is chronically administered, once the 
maintenance dosage of tiie improved rapalog is determined, one could then do assays at 
extended intervals to be assured that tt\e cellular system is providing the appropriate response 

20 and level of the expression product. 

It should be appreciated that the system is subject to many variables, such as the cellular 
response to the improved rapalog, the efficiency of expression and, as appropriate, the level of 
secretion, the activity of the expression product, the particular need of the patient, which may 
vary with time and circumstances, the rate of loss of the cellular activity as a result of loss of 
25 cells or expression activity of individual cells, and the like. 



2. Production of recombinant proteins and viruses. Production of recombinant therapeutic 
proteins for commerdal and investigational purposes is often achieved through the use of 
mammalian cell lines engineered to express the protein at high level. The use of mammalian 

30 cells, rather than bacteria or yeast, is indicated where the proper function of the protein 
requires post-translational modifications not generally performed by heterologous cells. 
Examples of proteins produced commercially this way include erythropoietin, tissue 
plasminogen activator, clotting factors such as Factor VIIIx, antibodies, etc. The cost of 
producing proteins in this fashion is directly related to the level of expression achieved in the 

35 engineered cells. A second limitation on the production of such proteins is toxicity to the host 
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chimeric proteins. Alternatively, the target gene construct may contain a cloning site for 
insertion of a desired target gene by the practitioner. Such kits may also contain a sample of a 
dimerizing agent capable of dimerizing the two recombinant proteins and activating 
transcription of the target gene. 



Formulations^ dosage and administration . 

By virtue of its capacity to promote protein-protein interactions, a rapalog of this invention 
may be used in ptiarmaceutical compositions and methods for promoting formation of complexes 
of chimeric proteins of this invention in a human or non-human mammal containing genetically 
engineered cells of this invention* 

The preferred method of such treatment or prevention is by administering to the mammal an 
effective amount of the compoimd to promote measurable formation of such complexes in the 
engineered cells, or preferably, to promote measurable actuation of the desired biological event 
triggered by such complexation, e.g. transcription of a target gene, apoptosis of engineered cells, 
etc. 



Therapeutic/Prophylactic Administration & Pharmaceutical Compositions 

The rapalogs can exist in free form or, where appropriate, in salt form. Pharmaceutically 
acceptable salts of many types of compounds and their preparation are well-known to those of 
skill in the art. The pharmaceutically acceptable salts of compoxmds of this invention include 
the conventional non- toxic salts or the quaternary ammonium salts of such compounds which are 
formed, for example, from inorganic or organic acids of bases. 

The compounds of the invention may form hydrates or solvates. It is known to those of skill 
in the art that charged compounds form hydrated species when lyophilized with water, or 
form solvated species when concentrated in a solution with an appropriate orgaruc solvent. 

This invention also relates to pharmaceutical compositions comprising a therapeutically 
(or prophylactically) effective amount of the compound, and one or more pharmaceutically 
acceptable carriers and /or other exdpients. Carriers include e.g. saline, buffered saline, 
dextrose, water, glycerol, ethanol, and combinations thereof, and are discussed in greater detail 
below. The composition, if desired, can also contain ntinor amourUs of wetting or emulsifying 
agents, or pHbuffering agents. The composition can be a liquid solution, suspension^ emulsion, 
tablet, pill, capsule, sustained release formulation, or powder. The composition can l>e 
formulated as a suppository, with traditional binders and carriers such as triglycerides. Oral 
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The carrier or excipjent may include time delay material well known to the art such as 
glyceryl monostearate or glyceryl distearate along or with a wax, ethylceUulose, 
hydroxypropylmethylcellulose, methyimethaoylate and the like. When formulated for oral 
administration, 0X}1% Tween 80 in PHOSAL PG-50 (phospholipid concentrate wifli 
5 1,2-propylene glycol/ A. Nattermaim & Cie. GmbH) has been recognized as providing an 
acceptable oral formulation for other compounds, and may be adapted to formulations for 
various compoimds of this invention. 

A wide variety of pharmaceutical forms can be employed. If a solid carrier is used, the 
preparation can be tableted, placed in a hard gelatin capsule in powder or pellet form or in the 
10 form of a troche or lozenge. The amount of solid carrier will vary widely but preferably will be 
from about 25 mg to about 1 g. If a liquid carrier is used, the preparation will be in the form of a 
syrup, emulsioiv soft gelatin capsule, sterile injectable solution or suspension in an ampule or 
vial or nonaqueous liquid suspension. 

To obtain a stable water soluble dosage form, a pharmaceutically acceptable salt of the 
15 multimerizer may be dissolved in an aqueous solution of an organic or inorganic acid, such as a 
03M solution of succinic acid or citric acid. Alternatively, acidic derivatives can be dissolved 
in suitable basic solutions. If a soluble salt form is not available, the compound is dissolved in a 
suitable cosolvent or combinations thereof. Examples of such suitable cosolvents include, but are 
not limited to, alcohol, propylene glycol, polyethylene glycol 300, polysorbate 80, glycerin, 
20 polyoxyethylated fatty acids, fatty alcohols or glycerin hydroxy faitty adds esters and the 
like in concentrations ranging from 0-60% of the total volume. 

Various delivery systems are known and can be used to administer the multimerizer, or the 
various formulations thereof, including tablets, capsules, injectable solutions, encapsulation in 
liposomes, nucroparticles, microcapsules, etc. Methods of introduction include but are not 

25 limited to dermal, intradermal, intramuscular, intraperitoneal, intravenous, subcutaneous, 

intranasal, pulmonary, epidural, ocular and (as is usually preferred) oral routes. The compound 
may be administered by any convenient or otherwise appropriate route, for example by infusion 
or bolus injection, by absorption through epithelial or mucocutaneous linings {e.g., oral mucosa, 
rectal and intestinal mucosa, etc) and may be admiiustered together with other biologically 

30 active agents. Administration can be systemic or local. For treatment or prophylaxis of nasal, 
bronchial or pulmonary conditions, preferred routes of administration are oral, nasal or via a 
bronchial aerosol or nebulizer. 

In certain embodiments, it may be desirable to administer the compound locally to an area 
in need of treatment; this may be achieved by, for example, and not by way of limitation, local 
35 infusion during siugery, topical application, by injection, by means of a catheter, by means of a 
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illustrative fonnulation for IV administration) and 0 648 494 (published April 19, 1995; 
Olustrative formulation for oral administration). 

The effective dose of the compound will typically be in the range of about 0.01 to about 50 
mg/kgs, preferably about 0.1 to about 10 mg/kg of mammalian body weight, administered in 
5 single or multiple doses. Generally, the compound may be administered to patients in need of 
such treatment in a daily dose range of about 1 to about 2000 mg per patient. 

The amount of compoimd which will be effective in the treatment or prevention of a 
particular disorder or condition will depend in part on the characteristics of the fusion proteins 
to be multimerized, the characteristics and location of the genetically engineered cells, and on 

10 die nature of the disorder or condition, which can be determined by standard clinical 

techniques. In addition, in vitro or in vivo assays may optionally be employed to help identify 
optimal dosage ranges. Effective doses may be extrapolated from dose-response curves derived 
from in vitro or animal model test systems. The precise dosage level should be determined by 
the attending physician or other health care provider and will depend upon well known 

15 factors, including route of administration, and the age, body weight, sex and general health of 
the individual; the nature, severity and clinical stage of the disease; the use (or not) of 
concomitant therapies; and the nature and extent of genetic engineering of cells in the patient. 

The invention also provides a pharmaceutical pack or kit comprising one or more containers 
containing one or more of the ingredients of the pharmaceutical compositions of the invention. 
20 Optionally associated with such container(s) can be a notice in the form prescribed by a 

governmental agency regulating the manuf achire, use or sale of pharmaceutical or biological 
products, which notice reflects approval by the agency of manufacture, use or sale for human 
. administration. The notice or package insert may contain instructions for use of an improved 
rapalog of this invention, consistent with the disdsoure herein. 

25 
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1.4. Rapamycin (E and Z)-24^0-isobutyloxime) (2, IB) 

Prepared in an analogous manner to Rapamycin (E and Z)-24-(0-methyloxime). The isomer 
mixture was separated by HPLC (15% H20/MeCN through a Kromasil C-18 250 x 20 mm 
colimm, 12 mL/min) to provide 28 mg (65%) of the faster eluting Z isomer and 3.0 mg (7%) of the 
5 E isomer. Z isomer high-resolution mass spectrum (FAB) m/z 1007.6146 [(M+Na)+, calcd for 
C55H88N2013Na 1007.6184]. E isomer: hi^-resolution mass spectrum (FAB) m/z 1007.6157 
I(M+Na)+, calcd for C55 H88N2013Na 1007.6184J. 

IS. Rapamycin (E and Z)-24-(0-benzyloxime) (11, 12) 

Prepared in an analogous manner to Rapamycin (E and Z)-24-{0-methyloxime). The isomer 
10 mixture was separated by HPLC (15% H20/MeC:N through a Kromasil C-18 250 x 20 mm 

column, 12 mL/min) to provide 19.6 mg (44%) of the faster eluting Z isomer and 6.1 mg (14%) of 
the E isomer. Z isomen high-resolution mass spectrum (FAB) m/z 1041.6033 [(M+Na)+, calcd 
for C58H86N2013Na 1041.6028]. E isomer; high-resolution mass spectrum (FAB) m/z 
10415988 [(M+Na)+, calcd for C58 H86N2013Na 1041.6028]. 

15 1,6. Rapamycin (E and Z)-24-(0-carboxymethyloxime) (13, 14)) 

Prepared in an analogous manner to Rapamycin (E and Z)-24*(Omethyloxime). The isomer 
mixture was separated by PIPLC (45% H20/MeCN through a Kromasil C-18 250 x 20 mm 
coltmrn, 12 mL/min) to provide 4.6 mg (11%) of the faster eluting Z isomer and 1.0 mg (2%) of the 
E isomer. Z isomer: high-resolution mass spectrum (FAB) m/z 1009o664 1(M+Na)+, calcd for 
20 C53 H82N2015Na 1009.5613). E isomen high-resolution mass spectrum (FAB) m/z 10095604 
I{M+Na)+, calcd for C53 H82N2015Na 10095613]. 

1.7. Rapamycin (E and Z)-24-(0-carboxamidomethyloxime) (15, IS) 

Prepared in an analogous manner to Rapamycin (E and Z)-24-(0-methyloxime). The isomer 
mixture was separated by HPLC (35% H20/MeCN through a Kromasil C-18 250 x 20 mm 
25 column, 12 mL/min) to provide 6.2 mg (10%) of the faster eluting Z isomer and 1.4 mg (2%) of the 
E isomer. Z isomen higji-resolution mass spectrum (FAB) m/z 10085790 1(M4.Na)+, calcd for 
(33 H83N3014Na 10085768]. E isomen high-resolution mass spectrum (FAB) m/z 10085753 
KM+Na)+, calcd for 053 H83N3014Na 10085768]. 

Example 2. Assay of binding of rapamycin C24 derivatives to FKBP 

30 Affinities of rapamycin C24 analogs for FKBP were determined using a competitive assay based 
on fluorescence polarization (FP). A fluorescein-labelled FK506 probe (AP1491) was 
synthesized, and the increase in the polarization of its fluorescence used as a direct readout of 
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orgazuc layer was decanted, dried over anhydrous sodium sul^te containing a small amount of . 
sodium sulfite, filtered^ and concentrated. Hie residue was dissolved in anhydrous THF (2.8 
mL), cooled to -78**C under nitrogen, and treated with a 05 M solution of lithium tris I(3-ethyl- 
3-pentyl)oxy]aluminum hydride in THF (282nL). The resulting solution was stirred at -78*C for 
5 1.75 h, and then quenched by addition of ether (6 mL) and saturated ammonium chloride 

solution (250 fxL). The mixture was allowed to warm up to room temperature and treated with 
anhydrous sodium sulfate. Filtration and concentration under reduced pressure afforded a pale 
yellow oil (97 mg), which was purified by column chromatography (silica-gel, hexanes-EtOAc 
3:1) to afford 1 as a colorless oil. 

10 23 Litermediate 2 

A solution of die above alcohol (300 mg, 290 fimol) in acetonitrile (10 mL) was treated with 2,6* 
lutidine (338 \iL, 2.9 mmol) and N,N'-disuccinimidylcarbonate (371 mg, 1.45 mmol). The 
resulting suspension was stirred at room temperature for 145 h, and then concentrated under 
reduced pressure. The residue was chromatographed (silica-gel, hexanes-EtOAc 2:1 to 100% 
15 EtOAc gradient) to afford the mixed carbonate 2 as a pale yellow oil (127 mg). 

2.4 Intermediate 3 

A solution of the above carbonate (30 mg, 26 |imol) and triethylamine (36 pJL, 260 pmol) in 
acetonitrile (I mL) was treated with 4'-(aminomethyl)fluorescein (13.5 mg, 34 ^mol). The 
resulting bright orange suspension was stirred at room temperature for 1 h, and then 
20 concentrated under reduced pressure. The residue was chromatographed (silica-gel, hexanes- 
EtOAc 1:1 to 100% EtOAc to EtOAc-MeOH 1:1 gradient) to give 3 (205 mg) as a bright yellow 
solid. 

2.5 Compoimd4 

A solution of bis-silyl ether 3 (35 mg, 25 jmiol) in acetonitrile (2 mL) was treated with 48% 
25 (w/w) HF in water (250 ^L). The resulting mixture was stirred at room temperature for 55 h. It 
was then diluted with dichloromethane (10 mL) and washed with water (2x2 mL). The organic 
layer was decanted, dried over anhydrous sodium sulfate, and concentrated under reduced 
pressure. The residue was chromatographed (silica-gel, 100% EtOAc) to afford 4 (13 mg) as a 
bright yellow solid. 

30 2.6 Determination of binding affinities (ICSOs) of rapalogs using FP 

Serial 10-fold dilutions of each analog were prepared in 100% ethanol in glass vials and stored 
on ice. All other manipulations were performed at room temperature. A stock of recombinant 
pure FKBP (purified by standard methods, see eg. Wiederrecht, G. et aL 1992. J. Biol. Chem.- 
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10 



y = Ml+(M4-Ml)/(l+exp(M2*(M3-x))) 
where M3 is the IC50. For incomplete curves the IC50 was determined by interpolation. 
Rapamycin and C14-desoxo-rapamycin were included as controls in each case ( C14-desoxo- 
rapamydn was prepared as described by Luengo, J.I. et al 1994 Tet Lett. 35, 6469-6472). 

Z7 Results of binding analysis of Rapamycin C24 oximes 

Affinities are reported as ICSOs and as fold loss in affinity (= IC50 / IC50 of rapamydn). 
(Comparative binding data of C24 rapalogs vs rapamydn and desoxo-rapamydn towards 
human FKBP12 are plotted in PCT/US86/09848.) 



Example 3. Synthesis of C7 lapalogs; Assay of binding of C7 rapalog-FKBP complexes to FRAP 
A series of C7 rapalogs containing various C7 substituents selected from branched and 
unbranched alkoxy, arylalkyloxy, -NHCOOalkyl, -NHS02alkyl and substituted aryl and 

heteroaryl moieties was synthesized using chemistry generally as described in the literature 
15 except as noetd (see e.g., Luengo et al 1995. Chemistry and Biology 2, 471-481, and the 
references dted in Table U for additional background). See also the table which follows. 



3.1 Compounds 2^ 2£ - (R^~£t) are synthesized as described in Luengo et al. Chemistry & 
20 Biology July 1995, 2:471-481. 

3.2 Compound 22 -(R^=iPr) A solution of rapamycin (60 mg, 0.066 mmol) in 2-propanoI (3 mL) at 
room temperature was treated with para-toluenesulfonic add (75 mg, 0.394 nunol) and allowed 
to stir for 4 h. After tiiis time the reaction was poured onto a biphasic solution of saturated 

25 aqueous NaHC03 (20 mL) and EtOAc (30 mL). The orgaiuc layer was washed witii additional 
solution of saturated aqueous NaHC03 (2 x 20 mL) followed by a saturated aqueous solution of 
NaCl (2 x 10 mL) then dried over NajSO^, filtered, evaporated. The resulting material was 
purified by HPLC on a Kromasil C-18 column (20 x 250 mm) at 55 C using 65% acetorutrile/water 
as eluant to afford AP1700 (25 mg). MS(FAB): (M+Na)-^ calcd: 964.5762, found: 964.5753. 

30 

33 Compound 32 -(R^=benzyl) is synthesized as described in Chemistxy & Biology July 1995, 
2:471-481. 



3.4 Compouiuis 31 32 - (RC7= -NH-CO-OMe) may be synthesized as described in Chemistry & 
35 Biology July 1995,2:471-481. 
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silica gel (dichloroinethane:hexane:EtOAc:MeOH, 200:50:425:75). The resuUine material 
was purified by HPLC on a Rainin silica column (20 x 250 mm) using 

(dichloromethanediexanerEtOAcMeOH, 210:65:65:10) as eluant for AP20808 (20 mg). MS{ES+): 
(M+Na)+ 1065.95. 

5 

3.13 Compound iZ - (R^= methylthiophene) A solution of rapamycin (105 mg, 0.115 mmol) and 
3-methylthiophene(445 |iL, 4.60 mmol) in dichloromethane (2.0 mL) at -40 °C was treated 
dropwise with trifluoroacetic add (150 fiU 1-96 mmol) and allowed to stir for 3 h. After this 
time the reaction was poured onto a biphasic solution of saturated aqueous NaHC03 (15 mL) 

10 and EtOAc (15 mL). The organic layer was washed with a saturated aqueous solution of NaCl 
(2 X 10 mL) then dried over 14^2^0^ filtered, evaporated, and flash chroma tographed on a 
silica gel (dichloromethane:hexane:EtOAc:MeOH, 200:50:42.5:7.5). The resulting material 
was purified by HPLC on a Rainin silica column (20 x 250 mm) using 

(dichloromethane:hexane:EtOAc:MeOH, 210:65:65:10) as eluant for AP20809 (60 mg). MS(ES+): 
15 (M+Na)-^ 1002.96. 

3.14 Compound 48 -(R^= N-methyipyrrole) A solution of rapamycin (51 mg, 0.056 mmol) and 
N-methylpyrrole (198 \iL 123 mmol) in dichloromethane (2.0 mL) at 0 **C was treated with zinc 
chloride (76 mg, 0557 mmol) and allowed to warm to rt overnight. After this time the reaction 

20 was poured onto a biphasic solution of saturated aqueous NaHCOs (15 mL) and EtOAc (15 mL). 
The organic layer was washed with a saturated aqueous solution of NaCl (2 x 10 mL) then dried 
over Na2S04, filtered, evaporated^ and flash chromatographed on a silica gel 
(dichloromethane:hexane:EtOAc:MeOH, 100:150:150:10). The resulting material was purified 
by HPLC on a Rainin Si colunm (20 x 250 mm) using (dichloromethane:hexane:EtOAc:MeOH, 

25 210:65:65:10) as eluant for AP20810 (10 mg). MS(ES+): (M+NH4)+ 981.05; MS(ES-): (M-H)' 
961.69. 

The C7 rapalogs were characterized by exact mass spec and MMR. 

30 3.15 Assay of FKBP binding affinity of C7 rapalogs 

The affinity of a variety of the C7 rapalogs for FKBP was assayed as described for C24 
rapalogs above, using competitive FP. Rapamydn and C14-desoxo-rapamycin (prepared as 
described by Luengo et d. 1994. Tetrahedron Lett. 35, 6469-6472) were included as controls. 
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Example 4 Preparation of Rapalogs modified at R^i* and R^**: 24{S WO(S)- 
ketrahydrorapamycin (£2) 




MoOH. -TB'C 




Rapamycin (46 mg, 0.050 nunol) was dissolved in 2.0 mL of methanol cooled to -78*C, and cerium 
(III) chloride heptahydrate (46 mg, 0.123 mmol) was added. The solution was stirred for 0.25 
h., then sodium borohydride (7.6 mg, 0.20 mmol) was added. After 0.5 h, the reaction mixture 

10 was partitioned between ethyl acetate (15 mL) and 5% aqueous hydrochloric acid (2 mL). The 
organic phase was washed with water (2 mL) and brine (1 mL), dried over anhydrous 
magnesium sulfate, filtered, and concentrated. Hash chromatography (siHca gel, 15 : 75 : 50 : 
200 methanol : ethyl acetate : hexane : dichloromehane) yielded 35 mg (76%) of the desired 
product as a white foam. Mass spectral date: {ES+/ NaQ / MH3) m/z 942^1 (M+Na)+, 935.83 

15 (M+NH4)+; (ES-/ NaQ) m/z 963.04 (M+Cl)-, 91734 (M-H)- Ut. ref. Luengo, J.L; Rozamus, 
L.W.; Holt, D.A. Tetrahedron Utt. 1994, 35, 6469-6472- 

Example 5 Preparation of Rapalogs modified at C24. C30 and C7 

24(S}, 30(S)-tetrahydrorapamydn (5jJ), prepared as in Example 4, may be modified at C7 using 
20 approaches illustrated in the prior C7 rapalog examples. For example: 



25 



5.1 7(S)-(2%4'-dimethoxy)benzyl-7-demethoxy-24(S), 3a(S)-tctrahydro-rapamycin 

HO-.^^ HQ.. 
MeO"^^^ i MeO 




CMC 
COMe 



22 



24(S), 30(S)-tctrahydro-rapamycin (20 mg, 0.022 mmol) was dissolved in dichloro-methane 
(1.0 mL). 13-dimethoxybenzwe (OJZO mL, 13 mmol) was added, and the sohition was cooled 
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10 



15 



to -60'C. Trifluoroacetic acid (0.030 mL, 0.39 mmol) was added, and the reaction mixture 
was stirred for 1 h at -60'C then partitioned between ethyl acetate (10 mL) and saturated 
aqueous sodium bicarbonate (1 mL). The organic phase was washed with water (2 mL) and 
brine (1 mL), dried over anhydrous magnesium sulfate, filtered, and concentrated. Flash 
chromatography (siUca gell5 : 75 : 50 : 200 methanol : ethyl acetate : hexanc : 
didiloromehanc) yielded 8 mg (35%) of the desired product as a white solid. Mass spectral 
data: (ES+/ NaCl / NH3) m/z 1046,96 (M+Na)+, 1042.15 (M+NH4)+; (ES-/ NaCl) m/z 
1069.09 (M+Q)- Ut ref. Luengo, J J.; Konialian-Beck, A.; Rozamus, L.W.; Holt, D.A. J. Org, 
Chem. 1994, 59, 6512-6513. 

By analogous means, one may produce 24(S). 30(S)-tetrahydro rapamycins bearing other 
C7 substituents as described elsewhere herein, e.g,, containing alternatively substituted aryl 
groups, heteroaryl, -OaUphatic groups, thioethcrs, or any of the other types of moieties 
designated previously for R^^a or RCTb, x^ese compounds may be obtained by reduction at 
C24 and C30 of the appropriate C7 rapalog, or by transformation at C7 of the appropriate 
C24, C30-tetrahydro rapalog. Illustrative examples follow. 

Rapalogs modified at C24, 00 and C7 may also be differ from rapamycin at die various 
positions discussed herein, e.g. with respect to one or more of R^^^ R^^^, R^^, R^^. R*. 
"a", etc. By way of example, starting with 13-F- rapamycin in place of rapamycin yields the 
13-fluoro analogs of compouruls 53-79. 

5.2 Compounds 54.55- (R^=Et) are syndiesized as described in Example 4.1, but substituting 
Compounds ZZ and 22, respectively, for rapamycin. 

5.3 Compound 5£ - (R^^^iPr) is synthesized as described in Example 4.1, but substituting 
Compoimd 22 for rapamycin. 

5.4 Compound SZ -{R^=bcnzyl) is synthesized as described in Example 4.1, but substituting 
30 Compound 3S1 for rapamydn. 

5^ Compounds 5iS9 - (rC7= -NH-CO-OMe) are synthesized as described in Example 4.1, 
but substituting Compounds 32 and 2L respectively, for rapamydn. 
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5.6 Compound fiO - (R^^= -NH-S02-Me) is synthesized as described in Example 4.1, but 
substituting Compound 3i for rapamydn 

5.7 Compounds fil and fir (R^= furanyl) are synthesized as described in Example 4.1, but 
substituting Compounds a£ and at respectively, for rapamydn. 

5.8 Compounds ^ 6£ - (R^= methylthiophene) are synthesized as described in Example 
4.1, but substituting Compounds 34 and 2i respectively, for rapamydn. 

5.9 Compounds 6L SSr {R^=cttiylthiophcne) arc syndiesized as described in Example 4.1, 
but substituting Compounds ^ and SSL respectively, for rapamydn. 

5.10 Compounds fiZ fil - (R^^^tertbutjd thiophcne) are synthesized as described in Example 
4.1, but substituting Compoimds and 4Q, respectively, for rapamydn. 

5.11 Compounds d2/ Zfl- (R^''=o,p-dimethoxyph£nyl) are synthesized as described in 
Example 4,1, but substituting Compounds ii and 42, respectively, for rapamydn. 

5.12 Compounds ZL U -(R^^= indolyl) are synthesized as described in Example 4,1, but 
substituting Compounds ii and 44/ respectively, for rapamydn. 

5.13 Compound 73 - (R^=o,p-diethoxyphenyl) is synthesized as described in Example 4.1, 
but substituting Compound i£ for rapamydn. 

5.14 Compound U ' (R^= methylthiophene) is synthesized as described in Example 4,1, bul 
substituting Compound £Z for rapamydn. 
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5.15 Compound ZS -(R^= N-methylpyrrole) is synthesized as described in Example 4.1, but 
substituting Compound for rapamydn. 

5 5-16 Compound H Z£ -<R^= 2,4,6-trimethaxyphenyl) is synthesized as described in 
Example 5.1, but substihiting l,3^*trimethoxybcnzene for 1^-dimethoxybenzcne. 

Hxample 6. Pceparation of fluoro-rapalogs 

10 6.1 C13-Fluoro-rapalags 

A new class of rapalogs, C13-Fluoro-rapalogs, may be prepared by the following route: 




In this example, the hydroxyl moieties at positions 28 and 43 arc protected prior to 



15 treatment with DAST. We have used bis-lriethylsilyl (as shown above) and bis- 

misopropylsilyl protecting groups. Various alternative protecting groups may be used, 
based on user preference or converuence and in consideration of the reaction conditions of 
subsequent transfonnadons prior to or concurrent with removal of protecting groups.The 
protected compound is then treated with the DAST reagent to introduce the 13-fluoro 

20 substituent. The DAST reaction may be conducted, e,g., at -42'C as shown, or at 0*'C. 

13-Fluoro rapamycin may then be modified at position 7 as desired to produce the famUy of 
13-fluoro C7-rapaiogs bearing any of the variety of moiedes designated previously for 
or R^^' For instance, the 7-(o,p-diinethoxy)-13-fluoro-rapalogs (24 and 22 may be 
25 prepared (and separately recovered if desired) by transformation of M at C7 followed by 
removal of protecting groups, or, as shown below, by removal of protecting groups from ZS. 
foUowedby transformation at C7. 
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OMe 




One may subject 13-E^rapamycin, instead of rapamycuv to various other chemical 
transformations such as are disclosed or referred to herein, including, for instance, 
5 fluorination at C2S, reduction at C24 and C30, fluoridation at C24 and C30, modification at 
0-43, etc., in addition to or as an alternative to modification at C7, in order to obtain the 
corresponding 13-F analog. 

6.2 Compounds Sl^i2r (R^=£t) are synthesized as described in Example 3.1, but substiuting 
13-F-rapamycin (79) for rapamycin. 

10 

63 Compound 51 - (R^=iPr) is synthesized as described in Example 3.2, but substituting 13- 
F-rapamycin (Z2) for rapamycin. 

6.4 Compound M -(R^^=benzyl) is synthesized as described in Example 33, but substituting 
15 I3-F-rapamydn (£2) for rapamycin. 

6.5 Compounds 85. 86 - (R^- -NH-COOMe) are synthesized as described in Example 3.4, 
but substituting 13-F-rapamycin (22) for rapamydru 
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6.6 Compound flZ- (R^= -NH-S02-Me) is synthesized as described in Example 3-5, but 
substituting 13-F-rapamycin (72) for rapamydn. 

5 6.7 Compounds S3, 83r (R^= furanyl) are synthesized as described in Example 3.6, but 
substituting l3-F-rapamycin (Tg) for rapamydn. 

6.8 Compounds SiL SI* methylthtophene) are synthesized as described in Example 
3.7, but substituting IS-F-rapamydn (22) for rapamydn. 

10 

6.9 Compounds 22/ SI' (R^^ethylthiophene) are synthesized as described in Example 3.8, 
but substihifcing 13-F-rapamydn (Tg) for rapamydn. 

6.10 Compounds £5, 6£ - (R^^=tertbutyi thiophene) are synthesized as described in Example 
15 3-9, but substituting 13-F-rapamycin (Z2) for rapamycin. 

6.11 Compounds 21/ 2S- (R^=o,p-diniethoxyphenyl) are synthesized as described in 
Example 3.10, but substituting 13-F-rapamycin (23) for rapamydn. 

20 6.12 Compounds 2£ 22 -(R^= indolyi) are synthesized as described in Example 3.11, but 
substituting 13-F-rapamycin (72) for rapamydn. 

6.13 Compoimd 98 - {R^^=o,p-diethoxyphenyl) is synthesized as described in Example 3.12, 
but substituting 13-F-rapamycin (22) for rapamydn. 

25 

6.14 Compound 22 - (R^'^= methyithiophene) is synthesized as described in Example 3.13, 
but substituting 13-F-rapamycin ( 79) for rapamycin. 

6.15 Compound K2fi-(R^^= N-methylpyrrole) is synthesized as described in Example 3.14, 
30 but substituting 13-F-rapamydn (22) for rapamycin. 

6<20 Preparation of 28-F-rapamydn (107 ) 

To a solution of rapamycin (71 mg, 0.078 mmol) in methylene chloride (1 mL) at -78 oC was 
added D AST (21 mL, 0.156 mmol) and reaction was allowed to stir for 2h before MeOH was 
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added to quench the reactioa The reaction mixture was taken to room temperature and 
stirred for 30 min. It was poured onto a biphasic solution of sahiratcd aqueous NaHCOS (20 
mL) and EtOAc (30 mL). The organic layer was washed with additional solution of 
saturated aqueous NaHC03 (2 x 20 mL) followed by a sahirated aqueous solution of NaQ (2 
X 10 mL) then dried over Na2S04, filtered, evaporated. The resulting material was flash 
chromatographed on a silica gel (hexanetEtOAc, 1:1 to la). MS, Fluorine NMR indicated 
C28 fUiorinated rapamydn. Stereoisomers can be separated by reverse phase 
chromatography (C18 column, MeOH:H20, 80:20), and may be used in place of rapamycin 
for the synthesis of various F-28 rapalogs. 



HO 
MoO' 




K2Z 

6^1 Compound IM-(13-F, 28-F-rapamycin) is synthesized as described above for 28-F- 
rapamycin, but with twice the volume of VAST (41 mL) at a higher temperature (-40^0. 

Example 7: Constructs encoding chimeric transcription factors 

A. Unless otherwise stated, aU DNA manipulations described in this and other examples 
were performed using standard procedures (See e.g., F.M, Ausubel et aL, Eds., Current 
Protocols in Molecular Biology Qohn Wiley & Sons, New York, 1994). 

B. Plasmids 

Constwcts encoding hxsions of human FECBn2 with the yeast GAL4 DNA binding 
domain, the HSV VP16 activation domain, human T cell CD3 zeta chain intraceUular 
domain or the intraceUular domain of human FAS arc disclosed in PCr/US94/01617. 

Additional DNA vectors for directing the expression of hision proteins relevant to this 
invention were derived from the mammalian expression vector pCGNN (Attar, R.M. and 
Gilman, M^. 1992. MCB 12: 2432-2443). Inserts cloned as Xbal-BamHI fragments into 
pCGNN are transcribed under the control of the human CMV promoter and enhancer 
sequences (nucleotides -522 to +72 reUtivc to the cap site), and are expressed with an 
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optional epitope tag (a 16 amino acid portion of the H. influenzae hemaglutinin gene that is 
iecogni2ed by the monoclonal antibody 12CA5) and, in the case of transcription factor 
domains, with ah N-tenninal nuclear localization sequence (NLS; from SV40 T antigen). 
Except where stated, all fragments cloned into pCGNN were inserted as Xbal-BamHl 

5 fragments that included a Spel site just upstream of die BamHI site. As Xbal and Spel 
produce compatible ends, this allowed further Xbal-BamHI fragments to be inserted 
downstream of the initial insert and facilitated stepwise assembly of proteins comprising 
multiple components. A stop codon was interposed between the Spel and BamHI sites. For 
inidal constructs, the vector pCGNN-G AL4 was additionally used, in which codons 1-94 of 

10 the GAL4 DNA binding domain gene were cloned into the Xbal site of pCGNN such that a 
Xbal site is regenerated only at the 3* end of the fragment Thus Xbal-BamHI fragments 
could be cloned into this vector to generate GAL4 fusions, arui subsequently recovened. 

(a) Constructs encoding GAL4 DNA binding domain- FRAP fusions 

15 To obtain portions of the human FRAP gene, human thjrmus total RNA (Clontech 

tf 64028-1) was reverse transcribed using MMLV reverse transcriptase and random hexamer 
primer (Clontech 1st strand synthesis kit). This cDNA was used directly in a PGR reaction 
containing primers 1 and 2 and Pfu polymerase (Stratagene). The primers were designed to 
amplify the coding sequence for amino acids 2025-2113 inclusive of human FRAP: an 89 amino 

20 add region essentially corresponding to the minimal *FRB' domain identified by Chen et al. 
(Proc. Nad. Acad. Sci USA (1995) 92, 4947-4951) as necessary and sufficient for FKBP- 
rapamycin binding (hereafter named FRB). The appropriately-sized band was purified, 
digested wirfa Xbal and Spel, aiul ligated into Xbal-Spel digested pCGNN-GAL4- This 
construct was confirmed by restriction analysis (to verify the correct orientation) and DNA 

25 sequencing and designated pCGNN-GAL4-lFRB. 

Constructs encoding FRB multimers were obtained by isolating the FRB Xbal-BamHI 
fragment, and then ligating it back into pCGNN-GAL4-lFRB digested with Spel and 
BamHI to generate pCGNN-G AL4-2FRB, which was cor\firmcd by restriction analysis. This 
procedure was repeated analogously on the new construct to yield pCGNN-GAL4-3FRB and 

30 pCGNN-GAI4-4FRB. 

Vectors were also constructed that encode larger fragments of FRAP, encompassing the 
minimal FRB domain (amino acids 2025-2113) but extending beyond it. PGR primers were 
designed that amplify various regions of FRAP flanked by 5* Xbal and 3* Spel sites as 
indicated below. 

35 



Designation 


amino add 


5* primer 


3' primer 
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FRAPa 


2012-2127 


6 


7 


FRAPb 


1995-2141 


5 


8 


FRAPc 


1945-2113 


3 


2 


FRAPd 


1995-2113 


5 


2 


FRAPe 


2012-2113 


6 


2 


FRAP! 


2025-2127 


1 


7 


FRAFg 


2025*2141 


1 


8 


FRAPh 


2025-2174 


1 


4 


FRAPi 


1945-2174 


3 


4 



Initially, fragment FRAPi was amplified by RT-PCR as described above, digested with 
Xbal and Spel, and iigated into Xbal-Spel digested pCGNN-GAL4. This construct, pCGNN- 
5 GAL4-rRAPi, was analyzed by PGR to confirm insert orientation and verified by DMA 
sequencing. It was then used as a PGR substrate to amplify the other fragments using the 
primers listed. The new fragments were cloned as GAL4 fusions as described above to yield 
the constructs pCGNN-GAL4-FRAPa, pGGMN-GAL4-FRAPb etc. which were confirmed by 
DNA sequencing. 

.10 Vectors encoding concatenates of two of the larger FRAP fragments, FRAPd and FRAPe, 

were generated by analogous methods to those used earlier. Xbal-BamHI fragments encoding 
FRAPd and FRAPe were isolated from pCGNN-GAL4-FRAPd and pGGNN-GAL4-FRAPe 
and Ugated back into the same vectors digested with Spel and BamHI to generate pCGNN- 
GAL4-2FRAPd and pCGNN-GAL4-2FRAFe. This procedure was repeated analogously on 

15 the new constructs to yield pCGNN-GAU-3FRAPd, pCGNN-GAL4-3FRAPe, pCGNN- 
GAL4-4FRAPd and pCGNN-GAL4-4FRAPe. All constructs were verified by restriction 
analysis. 

(b) Constructs encoding FRB-VPIB activation domain fusions 

20 To generate N-terminal fusions of FRB domain(s) with the activation domain of the . 

Herpes Simplex Virus protein VP16, the Xbal-BamHI fragments encoding 1, 2, 3 and 4 copies 
of FRB were recovered from the GAL4 fusion vectors and Ugated into Xbal-BamHI digested 
pCGNN to yield pCGNN-lFRB^ pCGNN-2FRB etc. These vectors were then digested widi 
Spel and BamHI. An Xbal-BamHI fragment ejKoding amino acids 414^90 of VP16 was 

25 isolated from plasmid pCG-Gal4-VP16 (Das, G., Hinkley, C.S. and Herr, W. (1995) Nature 
374, 657-660) and Ugated into the Spel-BamHI digested vectors to generate pGGNN-lFRB- 
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VP16, pCGNN-2FRB-VP16, etc. The constructs were verified by restiiction analysis and /or 
DNA sequencing. 

(c) Constructs encoding ZFHDl DNA binding domain-FRB fusions 

5 An expression vector for directizig the expression of T^HDl coding sequence in 

manunalian cells was prepared as follows. ZiQ68 sequences were amplified from a cDNA 
clone by PGR using primers 5'Xba/2^ and 3'Zif-fG. Octl homeodomain sequences were 
amplified from a cDNA done by PGR txsing primers 5'Not Oct HD and Spc/Bam 3'Oct. The 
ZiC68 PGR fragment was cut with Xbal and Notl. The Octl PGR fragment was cut with Nod 

10 and BamHI. Both fragments were ligated in a 3-way ligation between the Xbal and BamHI 
sites of pGGNN (Attar and Gilman, 1992) to make pGCNNZFHDl in which the cDNA 
insert is under the transcriptional control of human GMV promoter and enhancer sequences 
and is linked to the nuclear localization sequence from SV40 T antigen. Hie plasmid pGGNN 
also contains a gene for ampiciilin resistance which can serve as a selectable marker. 

15 (Derivatives, pCGNNZFHDl-FKBPxl and pCGNN2FHDl-FKBPx3, were prepared 
containing one or three tandem repeats of human FKBP12 ligated as an Xbal-BamHI 
fragment between the Spel and BamHI sites of pCGNNZFHDl. A sample of 
pCGNNZFHDl-FKBPx3 has been deposited with the American Type Gulture GoUection 
under ATCC Accession No. 97399. Sequences of primers is shown in WO 96/41865. 

20 To generate C-terminal fusions of FRB domain(s) with the chimeric DNA binding 

protein ZFHDl, the Xbal-BamHI fragments encoding 1, 2, 3 and 4 copies of FRB were 
recovered from the G AL4 fusion vectors and ligated into Spe-BamHI digested pGGNN- 
ZFHDl to yield pCGNN-ZFHDl-IFRB, pGGNN-ZFHDl-2FRB etc. Gonstructs were 
verified by restriction analysis and /or DNA sequencing. 

25 To examine the effect of introducing additional 'linker' polypeptide between ZFHDl 

and a C- terminal FRB domain, FRAP fragments eiKoding extra sequence N-terminal to FRB 
were cloned as ZFHDl fusions. Xbal-BamHI fragments encoding FRAPa, FRAPb, FRAPc. 
FRAPd and FRAPe were excised from the vectors pGGNN-GAL4-FRAPa, pGGNN-GAL4- 
FRAPb etc and ligated into Spel-BamHI digested pGGNM-ZFHDl to yield the vectors 

30 pGGNN-ZFHDl-FRAPa, pGGNN-ZPHDl-FRAPb, etc. Vectors encoding fusions of ZFHDl 
to 2, 3 and 4 C-termiaal copies of FRAPe were also constructed by isolating Xbal-BamHI 
fragments encoding 2FRAPe, 3FRAPc and 4FRAPe from pGGNN-G AU-2FRAPe, pCGNN- 
GAL4-3FRAPC and pGGNN-GAL4-4FRAPe and ligating them into Spel-BamHI digested 
pGGNN-ZFHDl to yield the vectors pGGNN-ZFHDl-2FRAPe, pCGNN-2FHDl-3FRAPe 

35 and pGGNN-ZFHDl-4FRAPe. All constructs were verified by restriction analysis. 
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Vectors were also constructed that encode N-terminal fusions of FRB domain(s) with 
ZFHDl. Xbal-BamHI fragments aicoding 1, 2, 3 and 4 copies of FRAPe were isolated from 
pCGNN-GAL4-lFRAPe, pCGNN-GAU-2FRAPe etc and Ugated into Xbal-BamHI digested 
pCGNIM to yield the plasmids pCGNN-lFRAPe, pCGNN-2FRAPe etc. These vectors were 
5 then digested with Spel and BamHL and an Xbal-BamHI fragment encoding ZFHDl 
(isolated from pCGNN-ZFHDl) ligated in to yield the constructs pCGNN-lFRAPe- 
ZFHDl, pCGNN-2FRAP€-ZFHD1 etc, which were verified by restriction analysis. 

(d) Constructs encoding FRB-p65 activation domain fusions 

10 To generate fusions of FRB domain(s) with the activation domain of the huznan NF-kB 

p65 subunit (hereafter designated pG5), two fragments were ampEfied by PGR from the 
plasmid pCG-p65. Primers 9 (p65/ 5* Xba) and 11 (p65 3* Spe/Bam) amplify the coding 
sequei\ce for amino acids 450-550, and primers 10 (p65/361 Xba) and 11 amplify the coding 
sequence for amino acids 361-550. both flanked by 5* Xbal and 3' Spel/BamHI sites. PGR 

15 products were digested with Xbal and BamHI and cloned into Xbal-BamHI digested 
pCGNN to yield pCGNN-p65{450-550) and pCGNN-p65(361-550). The constructs were 
verified by restriction analysis and DNA sequencing. 

DNA sequences encoding the 100 amino acid P65 transcription activation sequenceand 
the more extended p65 trarucription activation domain (351-550) are shown in WO 

20 96/41865. 

To generate N-terminal fusions of FRB domain(s) with portions of the p65 activation 
domain, plasmids pCGNN-lFRB, pCGNN-2FRB etc were digested with Spel and BamHI. 
An Xbal-BamHI fragment encoding p65 (450-550) was isolated from pCGNN-p65(450-550) 
and ligated into the Spel-BamHI digested vectors to yield the plasxxuds pGGNN^IFRB- 

25 p65(450-550), pCGNN-2FRB-p 65(450-550) etc. The construct pCGNN-lFRB-p65(36 1-550) 
was made similarly using an Xbal-BamHI fragment isolated from pCGNN-p65(36l-550). 
These constructs were verified by restriction analysis. 

To examine the effect of introducing additional *linker* polypeptide between the p65 
activation domain and an N-terminal FRB domain, FRAP fragments encoding extra sequence 

30 G-terminal to FRB were ddned as p65 fusions. Xbal-BamHI ^gments encoding FRAPa, 
FRAPb, FRAPf, FRAPg and FRAPh were excised from the vectors pCGNN-GAL4-FRAPa, 
pCGNN-GAL4-FRAPb etc and ligated into Xbal-BamHI digested pCGNN to yield the 
vectors pCGNN-FRAPa, pGGNN-FRAPb, etc. These plasnuds were then digested with Spel 
and BamHI, and a XbaI-Bazi\HI fragment encoding p65 (amino acids 450-550) ligated in to 

35 yield the five vectors pCGNN-FRAPa-p65, .pCGNN-FRAPb-p65, etc, which were verified 
by restriction analysis. - 
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Vectors encoding fusions of p65 to I and 3 N-tecminal copies of FRAPe were also prepared 
by digesting pCGNN-lFRAPe and pCGNN-3FRAPe with Spel and BamHI. Xbal-BamHl 
fragments encoding p65(450-550) and p65(361-550) (isolated from pCGNN-p65(45O-550) and 
pCGNN-p65(361-550)) were then ligated in to yield the vectors pCGNN-lFRAPe-p65{45l}- " 
5 550), pCGNN-3FRAPe-p65(45()-550), pCGNN-lFRAPe-p65{361-550) and pCGNN-SFRAPe- 
p65{361-550). All constructs were verified by restriction analysis. 

Vectors were also constructed that encode C-tcnninai fusions of FRB domain(s) with 
portions of the p65 activation domain. Plasmids pCGNN-p65(450-550) and pCGNN- 
p65(361-550) were digested with Spcl and BamHI, axui Xbal-BamHI fragments encoding 1 
10 and 3 copies of FRAPe (isolated from pCGNN-GAL4.lFRAPc and pCGNN-GAL4-3FRAPe) 
and 1 copy of FRB (isolated from pCGNN-GAL4-lFRB) ligated in to yield the plasmids 
pCGNN-p65(450-550)-lFRAPe, pCGNN-p65(450-550)'3FRAPe, pCGNN-p65(361-550)- 
IFRAPe, pCGNN-p65{361-550).3FRAPe, pCGNN-p65(450-550)-lFRB and pCGNN- 
p65(361-550)-lFRB. All constructs were verified by restriction analysis. 

15 

(e) Further constructs 

Other constructs can be made analogously with the above procedures, but using 
alterruitive portions of the FRAP sequence or FRB domains containing modified peptide 
sequence. For example, primers 12 and 13 are used to amplify the entire coding region of 

20 FRAP. Primers 1 and 13, 6 and 13, and 5 and 13, arc used to amplify three fragments 

encompassing the FRB domain and extending through to the C-tcrmiiud end of the protein 
(iiKluding the lipid kinase homology domain). These fragments ditfer by eiux>ding different 
portions of the protein N-terminal to the FRB domain. In each case, RT-PCR is used as 
described above to amplify the regions from human thymus RNA, the PGR products are 

25 purified, digested with Xbal and Spel, ligated into Xbal-Spel digested pCGNN, and 
verified by restriction analysis and DNA sequencing. 

(fl Primer sequences 

I S GCATGTCTAGAGAGATGTGGCATG AAGGCCTGGAAG 

3C 2 5-GCATCACrAGrCTrTGAGATrCGTCGGAACACATG 

3 SGCACAXIUTAGAATTGATACGCCCAGACCCITG 

4 5' CG ATCAACTAGTAAGTGTCAATnXXIGGGGCCT 

5 5GG\CrATCrAGAaX;AAGAACATGTGTGAGCACAGC 

6 S-GCACTATCTAGAGTCAGCGAGGAGCrcATCCGAGIG 
35 7 5*CGATX:>ACrAGTGGAAACATATTGCAGCTCrAAGGA 

8 5' CG ATCAACTAGTrGGCACAGCCAATTCAAGGTCCCG 
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9 S^ATGCTCTAGACrGGGGGCCITGCrrGGCAAC 

10 S-ATGCTCTAGAGATGAGnTCCCACCATGGTG 

11 y GCATGGATCCGCrCAACTAGTGG AGCTGATCTX;aCTCAG 

12 yATGCrCTACACrrGGAACCGGACCrGCCGCC 

5 13 SXCATCACTAGTCCAGAAAGGGCACCAGCCAATAT 

Restriction sites are underlined (Xbal = TCTAGA, Spel = ACGAGT, BamHI - GGATCQ. 

(g) DNA sequence of representative final construct: pCGNN-2fHDl-lf Rfl 

10 encoding a 12CA5 epitope-SV40 NLS-ZFHDl-FRB fusion is shown in WO 96/41865. 

(h) Bicistronic constructs 

The internal nljosome entry sequence (URES) from the encephalomyocarditis virus was 
amplified by PGR h-om pWZL-Bleo. The resulting fragment, which was cloned into pBS- 

15 5K+ (Stratagene), contains an Xbal site and a stop codon upstream of the IRES sequence and 
downstream of it, an Ncol site encompassing the ATG followed by Spel and BamHI sites. To 
facilitate cloning, the sequence around the initiating ATG of pCGNN-ZFHDl-3FKBP was 
mutated to an Ncol site and the Xbal site was mutated to a Nhel site using oligonucleotides 
shown in WO 96/41865. An NcoI-BamHI fragment containing ZFHD1-3FKBP was then 

20 cloned downstream of pBS-IRES to create pBS-IRES-ZFHDl-3FKBP. The Xbal-BamHI 
fragment from this plasmid was next cloned into Spel/BamHI-cut pCGNN-lFRB-p65(361- 
550) to create pCGNN-lFRB-p65(361-550)-IRES-2FHDl-3FKBP. 

C. Retroviral vectors for the expression of chimeric proteins 

25 Retroviral vectors used to express transcription factor fusion proteins from stably 

integrated, low copy genes were derived from pSRaMSVtkNeo (Muller et al., MCB 11:1785- 
92, 1991) and pSRaMSVpCbal) (Sawyers et al., }. Exp. Med. 181:307-313, 1995). Unique 
BamHI sites in both vectors were removed by digesting with BamHL filling in with iCenow 
and religating to produce pSMTN2 and pSMTX2, respectively. pSMTN2 expresses the Neo 

30 gene from an internal thymidine kinase promoter. A Zeodn gene (Invitrogen) is cloned as a 
Nhel fragment into a unique Xbal site downstream of an internal thymidine kinase promoter 
in pSMTX2 to yield pSNTZ. This Zeodn fragment was generated by mutagenizing pZeo/SV 
(Invitrogen) using the following primers to introduce Nhel sites flanking the zeodn coding 
sequence. 

35 

Primer 1 y-GCCATGGTGGCTAGCCTATAGTGAG 



107 



wo 99/36553 



PCTAJS99/00178 



Primer! y-GGCGCTGrrGGCTAGCGrCGGrCAG 

pSMTN2 contaix^s unique EcoRI and Hindm sites downstream of the LTR. To fadlitate 
cloning of transcription factor fusion proteins synthesized as Xbal-BamHI fragments the 
5 following sequence was inserted between tiie EcoRI and Hindin sites to create pSNflNS: 

12CA5 epitope 

S' gaattccagaagcgcgt ATG GCT TCT AGC TAT CCT TAT GAC GTG CCT GAC 
10 EcoRI 

SV40 T NLS 

TAT GCC AGC CTG GGA GGA CCT ICl &G1 CCT AAG AAG AAG AGA AAG 

15 

GTG ICE AGA TAT CGA GGA TCC CAA T 
JCbal BamHI Hindi 1 1 

20 

The equivalent fiagment is inserted into a unique EcoRI site of pSMTZ to create pSMTZ3 
with the only difference being that the 3' Hindlll site is replaced by an EcoRI site. 

pSMTN3 and pSMTZ3 permit chimeric transcription factors to be cloned downstream of 
the 5' viral LTR as Xbal-BamHI fragments and allow selection for stable integrants by 
25 virtue of their ability to confer resistance to the antibiotics G418 or Zeodn respectively. 

To generate the retroviral vector SMTM-ZFHD1-3FKBP, pCGNN-ZFHDl-3FKBP was 
first mutated to add an EcoRI site upstream of the first amino acid of the fusion protein. An 
EcoRI-BamHI(blunted) fragment was then cloned into EcoRI-Hindin(blimted) 
pSRaMSVtkNfeo so that ZFHD1-3FKBP was expressed from the retroviral LTR. 

30 

Example 8: Rapamycin-dependent transctiptionaL activation 

In preliminary experiments, three copies of FKBP fused either to a Gal4 DNA binding 
domain or a transcription activation domain activated both the stably integrated or 

35 transiently transfected reporter gene more strongly than corresponding fusion proteins 
containing only one or two FKBP domains. To evaluate this parameter with FRB fusion 
proteins, effector plasmids containing Gal4 DNA binding domain fused to one or more copies 
of an FRB domain were co- transfected with a plasmid encoding three FKBP domains and a 
p63 activation domain (3xFKBP-p65) by transient transfection. It was found that in this 

10 system^ four copies of the FRB domain, fused to the Gal4 DNA binding domain activated the 
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stably integrated reporter gene more strongly than other conesponding fusion proteins with 
fewer FRB domains. 

Method: HT1080 B cells were grown in MEM supplemented with 10% Bovine Calf Serum. 

5 Approximately 4x105 cells/well in a 6 well plate (Falcon) were transiently transfectcd by 
Lipofection procedure as recommended by the supplier (GIBCO, BRL). The DNA: 
Lipofectamine ratio used in this experiment correspond to 1:6. Cells in each well redeved 
500 ng of pCGNN F3-p65, 1.9 ug of PUC 118 plasmid as carrier and 100 ng of one of the 
foUowing plasmids: pCGNN Gal4-1FRB, pCGNN Gal4-2FRB, pCGNN Gal4-3FRB or 

10 pCGNN Gal4-4FRB. FoUowing transfection, 2 mi fresh media was added and supplemented 
with Rapamycin to the ixuiicated concentration. After 24 his, 100 ul of d« media was 
assayed for SEAP activity as described (Spencer et al 1993). 

To test whether multiple FRB domains hised to a p65 activation domain results in 
15 increased transcriptional activation of the reporter gene, we co-transfected HT1080 B cells 
with plasmids expressing Gal4-3xFKBP and 1, 2, 3 or 4 copies of FRB fused to p65 activation 
domain. Surprisingly, uxUikc the DNA binding domain-FRB hisions, a single copy of FRB 
fused to p65 activation domain activated the reporter gene significantly more strongly than 
corresponding fusion proteins containing 2 or more copies of FRB. 

20 

Method: HT1080 B cells were grown in MEM supplemented with 10% Bovine Calf Serum. 
Approximately 4x105 cells/well in a 6 well plate were transiently transfected by 
Lipofection procedure as recommended by GIBCO, BRL. The DNA: Upofectamine ratio used 
correspond to 1:6. Cells in each well recicved 1.9 ug of PUC 118 plasmid as carrier , 100 ng of 
25 pCGNNGal4F3 and 500 ng one of the following plasmids ipCGNNl, 2, 3 or 4 FRB-p65. 

Following transfection, 2 ml fresh media was added and supplemented with Rapamycin to 
the indicated concentration. After 24 hrs, 100 ul of the media was assayed for SEAP activity 
as described (Spencer et al, 1993). 

30 Similar experiments were also conducted using aiujthcr stable cell lii\e (HTIOSO BU) 

containing the 5xGal4-IL2-SEAP reporter gene and DNA sequences encoding a fusion protein 
containing a Gal4 DNA binding domain and 3 copies of FKBP stably integrated. These cells 
were trar\siently transfected with effector plasmids expressing p65 activation domain fused 
to 1 or more copies of an FRB domain. Similar to our observations with HTIOSO B cells, in 

35 these experiments effector plasmids expressing a single copy of FRB-p65 activation domain 



109 



wo 99/36553 



PCTAJS99/00178 



fusion protein activated the reporter gene more strongly than others with 2 or more copies of 
FRB. 

Example 9 

5 

A. Rapamycin-dependent transcriptional activation in transiently transfected ceils: ZFHDl 
andp65 fusions 

Human fibrosarcoma cells transiently transfected with a SEAP target gene and plasmids 
10 encoding representative ZFHD-FKBP- and FRB-p65-containing fusion proteins exhibited 
rapamycin-dcpendcnt and dose-responsive secretion of SEAP into the cell culture medium. 
See Fig. 4A. SEAP production was not detected in cells in which one or both of the 
transcription factor fusion plasmids was omitted, nor was it detected in the absence of added 
rapamycin (Figure 4B). When ail components were present, however, SEAP secretion was 
15 detectable at rapamycin concentrations as low as 0.5 nM (Figure 4A). Peak SEAP secretion 
was observed at 5 nM Similar results have been obtained when the same transcripticn 
factcrs were used to drive rapamycin-dependent activation of an hGH reporter gene or a 
stably integrated version of the SEAP reporter gene made by infection with a retroviral 
vector. It is difficult to determine the fold activation in response to rapamydn since levels 
20 of SEAP secretion in the absence of drug are undetectable, but it is dear that in this system 
there is at least a 1000-fold enhancement over background levels in the absence of 
rapamycin. Thus, this system exhibits undetectable background activity and high dynamic 
range. 

Several different configurations for transcription factor fusion proteins were explored 
25 (See See WO 96/41865 , Fig. 5). When FKBP domains were fused to ZFHDl and FRBs to 
p65, optimal levels of rapamydn-induced activation ocurrcd when there were multiple 
FKBFs fused to ZFHDl and fewer FRBs fused to p65. The preference for multiple drug- 
binding domains on the DMA-binding protein may reflect the capacity of these proteins to 
recruit multiple activation domains and therefore to elicit higher levels of promoter 
30 activity. The presence of only 1 drug-binding domain on the activation domaih should allow 
each FKBP on ZFHD to recruit one p65. Any increase in the number of FRBs on p65 would 
increase the chance that fewer activation domains would be recruited to ZFHD, each one 
linked my multiple FRB-FKBP interactions. 

35 Methods: 
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HTIOSO cells (ATCC CCL-121), derived from a human fibrosarcoma* were grown in MEM 
supplemented with non-essenliai amino acids and 10% Fetal Bovine Serum. Cells plated in 
24-weU dishes (Falcon, 6 x 104 cells/well) were transfected using Lipofectamine under 
conditions recommended by d\e manufacmrer (GIBCO/BRL). A total of 300 ng of the 
following DNA was transfected into each well: 100 ng ZPHOxH-CMV-SEAP reporter gene^ 
25ng pCGNN-ZFHDl-3FKBP or other DNA binding domain fusion^ 5 ng pCGNN-lFRB- 
p65{361-550) or other activation domain fusion and 1925 ng pUCllS- In cases where tt\e 
DNA binding domain or activation domain were omitted an equivaletit amount of empty 
pCXSNN expression vector was substimted. Following lipofectlon (for 5 hours) 500 \il medium 
containing the indicated amounts of rapamycin was added to each welL After 24 hours, 
medium was removed and assayed for SEAP activity as described (Spencer et al. Science 
262:1019-24, 1993) using a Luminescence Spectrometer (Perkin Elmer) at 350 ran excitation and 
450 run emission. Backgrotind SEAP activity, measured from mock-transfected cells, was 
subtracted from each value. 

To prepare transiently transfected HT1080 cells for injection into mice (See below), cells 
in 100 mm dishes (2 x 106 cells/dish) were transfected by calcium phosphate precipitation 
for 16 hours (Gatz. C, Kaiser, A. &c Wendenburg, R. , 1991>loL Gen. Genet. 227, 229-237) 
with the following DNAs: 10 mg of ZHWTxl20vlV-hGH, 1 mg pCGNN-ZFHDl-3FKBP, 2 
mg pCGNN-lFRB-p65(361-550) and 7 mg pUCllS. Transfected cells were rinsed 2 times 
with phosphate buffered saline (PBS) arul given fresh medium for 5 hours. To harvest for 
injection, cells were removed from the dish in Hepes Buffered Saline Solution contaiiung 10 
mM EDTA, washed with PBS/0.1% BSA/0.1% glucose and resuspended in the same at a 
concentration of 2 x 107 cells/ml. 

Flasmids: Construction of the trarucription factor fusion plasmids is described above. 

pZHWTxl2-CMV-SEAP 

This reporter gene, containing 12 tandem copies of a ZFHDl binding site (Pomerantz et 
al., 1995) and a basal promoter from the immediate early gei\e of human cytomegalovirus 
(Boshart et. aL, 1985) driving expression of a gene encoding secreted alkaline phosphatase 
(SEAP), was prepared by replacing the Nhel-Hindlll fragment of pSEAP Promoter 
(Qontech) with an Nhel-Xbal fragment containing 12 ZFHD binding sites shown in WO 
96/41865 and an Xbal-Hindm fragment containing a minimal CMV promoter (-54 to 445), 
also shown in WO 96/41865. 

pZHWTxl2-CMV-hGH 
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Activation of this reporter gene leads to the production of hGH. It was constructed by 
replacing the Hindlll-BamHI (blunted) fragment of pZHWTxl2-CMV-SEAP (containing 
the SEAP coding sequence) with a Hindm (blunted) -EcoRI fragment from pOGH (containing 
an hGH genomic clone; Selden et al., MCB 6:3171-3179, 1986; the BaznHI and EcoRI sites 
5 were blunted together). 

pZHWTxl2.IU-SEAP 

This reporter gene is identical to pZHWTxl2-CMV-SEAP except the Xbal-Hindlll 
fragment contairung the minimal CMV promoter was replaced with the following Xbal- 
10 Hindin fragment containing a minimal IL2 gene promoter (-72 to +45 with respect to the 
start site; Siebenlist ct aL, MCB 6:3042-3049, 1986) (see WO 96/41865) 



15 pLH 

To facilitate the stable integration of a single, or few, copies of reporter gene the 
following retroviral vector was constructed. pLH (LTR-hph), which contains the 
hygromycin B resistance gene driven by the Moloney murine leukemia virus LTR and a \mique 
internal Clal site, was constructed as follows: The hph gene was cloned as a HindHI-Qal 
20 fragment from pBabe Hygro (Morganstem and Land, NAR 18:3587-96, 1990) into BamHI- 

Clal cut pBabe Bleo (restiiting in the loss of the bleo gene; the BamHI and Hindlll sites were 
blunted together). 

pLH-ZHWTxl2-IL2-SEAP 
25 To clone a copy of the reporter gene contairung 12 tandem copies of the ZFHDl binding 

site and a basal promoter from the IL2 gene driving expression of the SEAP gene into the 
pLH retroviral vector, the Miul-Clal fragment from pZHVVTxl2-IL2-SEAP (with Clal 
linkers added) was cloned into the Qal site of pLH. It was oriented such diat the directions 
of transcription from the viral LTR and the internal 2FHD-IL2 promoters were the same. 

30 

pLH-G5-IU-SEAP 

To construct a retroviral vector containing 5 Gal4 sites embedded in a minimal 1L2 
promoter driving expression of the SEAP gene« a Clal-Bsffil fragment consisting of the 
following was inserted into the Clal site of pLH such that the directions of transcription 
35 from the vixal LTR and the internal Gal4-IL2 promoters were the same A Clal-Hindlll 

fragment contairung 5 Gal4 sites and regions -324 to -294 and -72 to +45 of the IL2 gene (shown 
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in WO 96/41865) and a HindlH-BslBI fragment containing the SEAP gene coding sequence 
(Berger et al., Gene 66:1-10, 1988) mutagcnized to add a BstBl site inmiediateiy after the 
stop codon (shown in WO 96/41865). 

i B. Rapamycin-dependent transcriptional activation in sUbly transfecled cells 

The following experiments confirmed that this system exhibits similar properties in 
stably transfected cells. We generated stable cell lines by sequential tiansfection of a SEAP 
target gene and expression vectors for ZFHD1-3FKBP and lFRB.p65, respectively. A pool of 

a several dozen stable clones resulting from the final tiansfection exhibited rapamydn- 
dependent SEAP production. From tiiis pool we characterized several individual clones, 
many of which produced high levels of SEAP in response to rapamydn. Results from one such 
clone are shown in Fig. 4C of WO 96/41865. This clone produced SEAP at levels 
approximately forty times higher than the pool and significantly higher than transiently 

5 transfected cells. In an attempt to rigorously quantitate background SEAP production and 
induction raUo in this clone, we perfonncd a second set of assays in which the length of the 
SEAP assay was increased by a factor of approximately 50 to detect any SEAP activity in 
untreated cells. Under these conditions, mock transfected cells produced 47 arbitrary 
fluorescence units, while the transfected done produced 54 units in the absence of rapamycin 

20 and over 90,000 units at 100 nM rapamycin. Thus, in this stable ceU line, background gene 
expression was negligible and the induction ratio (7 units to 90,000 units) was greater than 
foiu orders of magnitude. 

To simpUfy the task of stable transfection, we used a bidstronic expression vector that 
directs the production of both ZFHD1-3FKBP and lFRB-p65 through the use of an internal 

25 ribosome entry sequence (IRES). This expression plasmid was cotransfected, together with a 
zeocin-resistance marker pUsmid, into a ceU line carrying a retroviraUy-transduccd SEAP 
reporter gene, and a pool of approximately fifty drug-resistant clones was selected and 
expanded.This pool of clones also exhibited rapamydn-depcndent SEAP production with no 
detectable background and a very similar dose-response curve to that observed in transiendy 

30 transfected cells. This pool would be expected to contain individual clones witi^ performance 
similar to the done studied in Fig. 4C of WO 96/41865. Thus, rapamycin-responsive gene 
expression can be readily obtained in both transiently and stably transfected ceUs. In both 
cases, regulation is characterized by very low background and high induction ratios. 

35 SUble cell lines. Helper-free retroviruses containing tiic reporter gene or DNA binding 
domain hision were generated by transient co-transfection of 293T cells (Pear, WS., Nolan, 
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G.P., Scott M.L & Baltimore D.. 1993, Production of high-rtter helper-free retroviruses by 
transient transfection. Proc. NatL Acad. Sci. USA 90, 8392-8396) with a Psi(-) amphotropic 
packaging vectorand the retroviral vectors pLH-ZHWTxl2-IL2-SEAP or SMTN-ZFHDl- 
3FKBP, respectively. To generate a clonal ceil Line containing the reporter gene stably 

5 integrated^ HTIOSO cells infected with retroviral stock were diluted and selected in the 
presence of 300 zng/ml Hygromydn B. Individual clones from this and other cell lines 
described below were screened by transient transfection of the missing components followed 
by the addition of rapamydn as described above. All 12 clones analyzed were inducible and 
had little or no basal activity. The most responsive done, HT1080U was selected for further 

10 study. 

HT20-6 cells, which contain the pLH-ZHWTxl2-IlJ2-SEAP reporter gene, ZFHDl- 
3FKBP DNA binding domain and lFRB-p65(361-550) activation domain stably integrated, 
were generated by first infecting HTIOSOL cells with SMTN-ZFHDl-3FKBP-packaged 
retrovirus and selecting in medium containing 500 mg/ml G418. A strongly responsive clone, 

15 HT1080L3, was then transfected with linearized pCGNN-lFRB-p65(36 1-550) and pZeoSV 
(Invitrogen) and selected in mediimi containing 250 mg/ml Zeodn. Individual clones were 
first tested for the presence of lFRB-p65(361-550) by western. Eight positive dones were 
analyzed by addition of rapamydn. All cigiht had low basal activity and in six of them, 
gene expression was induced by at least two orders of magnitude. The clone that gave the 

20 strongest response. HT20-6. was selected for further analysis. 

HT23 cells were generated by co-transfecting HTIOSOL cells with linearized pCGNN- 
lFRB-p65(361-550)-IRES-ZFHDl-3FKBP and pZeoSV and selecting in medium containing 
250 mg/ml Zeocin. Approximately 50 clones were pooled for analysis. 

For analysis, cells were plated in 96-well dishes {13 x 104 celis/wcU) and 200 

25 medium containing the indicated amounts of rapamydn (or vehide) was added to each well. 
After 18 hours, medium was removed and assayed for SEAP activity- In some cases, medium 
was diluted before analysis and relative SEAP units obtained multiplied by the fold- 
dilutioru Background SEAP activity, measured from untransfected HTIOSO cells, was 
subtracted from each value. 

30 

Example 10: Rapamydn-^epende&t Production of KGH in Micse 

In Vivo Methods: Animals, husbandly, and general procedures. Male nu/nu mice were 
obtained from Charles River Laboratories CWilmington, MA) and allowed to acclimate for 
35 five da3r5 prior to experimentation. Tliey were housed under sterile conditions, were 

allowed free access to sterile food and sterile water throughout the entire experiment, and 
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were handled with sterile techniques throughout. No imznunocompromised animal 
demonstrated outward infection or appeared ill as a result of housing, husbandry techniques* 
or experimental techniques. 

To transplant transiently transfected cells into mice* 2 x 106 transfected HTIOSO cells, 

5 were suspended in 100 ml PBS/0.1% BSA/0.1% ghicose buffer, and administered into four 
intramuscular sites (approximately 25 mi per site) on the haunches and flanks of the 
animals. Control mice received equivalent volume injections of buffer alone. 

Rapamydn was formulated for in vivo administration by dissolution in equal parts of 
N,N-dimethylacetamide and a 9:1 (vrv) mixture of polyethylene glycol (average molecular 

10 weight of 400) and polyoxyethylene sorfaitan monooleate. Concentrations of rapamydo, in 
the completed fonnulation, were sufficient to allow for in vivo administration of the 
appropriate dose in a 2.0 ml/kg injection volume. The acciuacy of the dosing solutions was 
confirmed by HPLC analysis prior to intravenous administration into the tail veins. Some 
control mice, bearing no transfected HT1080 ceils, received 10.0 mg/kg rapamydn. In 

15 addition, other control mice, bearing transfected cells, received only the rapamydn vehide. 
Blood was collected by either anesthetizing or sacrificing mice via C02 inhalation. 
Anesthetized mice were used to collect 100 ml of blood by cardiac puncture. The mice were 
revived and allowed to recover for subsequent blood collections. Sacrificed mice were 
immediately exsanguinated. Blood samples were allowed to dot for 24 hours, at 4*C, aiui 

20 sera were collected following centrifugation at 1000 x g for 15 minutes. Serum hGH was 
measured by the Boehringer Mazmheim non-isotopic sandwich ELISA (Cat No. 1 585 878). 
The assay had a lower detection limit of OJQITS ng/ml and a dynamic range that extended to 
0.4 ng/ml. Recommended assay instructions were followed. Absorbance was read at 405 nm 
with a 490 nm reference wavelength on a Molecular Devices microti ter plate reader. The 

25 antibody reagents in the ELISA demonstrate no cross reactivity with endogenous^, murine 
hGH in diluent sera or native samples. 

hGH expression In Vivo. For the assessment of dose-dependent rapamydn-indticed 

stimulation of hGH expression^ rapamydn was admizustered to mice approximately one 
30 hour following injection of HT1080 celk. Rapamydn doses were either Oi)l, 0.03, 0,1, 03, 1.0, 

3.0, or 10.0 mg/kg. Seventeen hours following rapamydn administration, the mice were 

sacrificed for blood collection. 

To address the time course of in vivo hGH expression, mice received 10.0 mg/kg of 

rapamydn one hour following injection of the cells. Mice were sacrificed at 4, 8, 17, 24, and 
35 42 hours following rapamydn administration. 
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The ability of rapamydn to induce sustained expression of hGH from transplanted 
HTIOSO cells was tested by repeatedly administering rapamycin. VCice were administered 
transfected HTIOSO cells as described above. Approximately one hour following injection of 
the cells, mice received the first of five intravenous 10.0 mg/kg doses of rapamydn. The four 

5 remaining doses were given under anesthesia, immediately subsequent to blood collection, at 
16. 32, 48, and 64 hours. Additional blood collections were also performed at 72, 80, 88, and 
96 hours following the first rapamycin dose. Control mice were administered cells, but 
received only vehicle at the various times of administration of rapamycin. Experimental 
animals and their control counterparts were each assigned to one of two groups. Each of the 

10 two experimental groups and two control groups received identical drug or vehide 

treatments, respectively. The groups differed in that blood collection times were alternated 
between the two groups to reduce the frequency of blood collection for each animal. 

Results 

15 Rapamycin elidted dose-respox\sive production of hGH in these animals (Fig. 6 of WO 

96/41865). hGH concentrations in the rapamycin-treated arumals compared favorably 
with normal circulating levels in humans (0.2-03 ng/ml). No pbteau in hGH production 
was observed in these experiments, suggesting that the maximal capadty of the trar\sfected 
cells for hGH production was not reached. Control aiumals — those that received transfected 

20 cells but no rapamycin and those that received rapamydn but no cells — exhibited no 
detectable serum hGH. Thus, the production of hGH in these arumals was absolutely 
dependent upon the presence of both engineered cells and rapamycin. 

The presence of significant levels of hGH in the serum 17 hours after rapamydn 
administration was noteworthy, because hGH is deared from the circulation with a half- 

25 life of less than four minutes in these animals. This observation suggested that the 

engineered cells continued to secrete hGH for many hours following rapamycin treatment. To 
examine the kinetics of rapamycin control of hCH production, we treated arumals with a 
single dose of rapamycin and then measured hGH levels at different times thereafter. Serum 
hGH was observed within four hours of rapamydn treatment, peaked at eight hours (at over 

30 one hundred times the sensitivity limit of the hGH ELISA)^ and remained detectable 42 
hours after treatment. hGH concentration decayed from its peak with a half-life of 
approximately 11 hours. This half-life is several himdredfold longer than the half-life of 
hGH itself and approximately twice the half-life of rapamycin (4.6 hr) in these animals. 
The slower decay of serum hGH relative to rapamycin could reflect the presence of higher 

35 tissue concentrations of rapamycin in the vidnity of the implanted cells. Alternatively, 
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persistence of hGH production from the engineered cells may be enhanced by the stabUity of 
hGH niRNA. 

Interestingly, administration of a second dose of rapamycin to these aninials at 42 hr 
resulted in a second peak of serum hGH, which decayed with similar kinettcs indicating 
that the engineered cefls retained the ability to respond to rapamycin for at least two days. 
Therefore, to ascertain the ability of this system to elevate and maintain circulating hGH 
concentrations, we performed an experiment in which animals received multiple doses of 
rapamycin at 16-hour intervals. This interval corresponds to the time required for hGH 
levels to peak and Aen decline approximately half-way. According to Ais regimen, 
rapamycin concentration is predicted to approach a steady-stale trough concentration of 1.7 
^g/ml after two doses (shown as dotted line in Fig. 8 of WO 96/41865). hGH levels should 
also approach a steady state trough concentration following the second dose. Treated 
animals indeed held relatively stable levels of circulating hGH in response to repeated 
doses of rapamycin. After the final dose, hGH levels remained constant for 16 hours and 
then declined with a simUar half-life as rapamycin (6.8 hours for hGH versus 4.6 hours for 
rapamycin). Hiese date suggest that upon multiple dosing, circulating rapamydn imparts 
tight control over tiie secretion of hGH from transfected cells in vivo. In particular, it is 
apparent that protein production is rapidly tenninated upon withdrawal of drug. 

Discussion 

These experiments demonstrate the feasibiUty of controlling the production of a secreted 
therapeutic protein from genetically er^ineered cells using a smaU-molecule drug. This 
system has many of the features required for use in human gene and ceU therapy. It is 
characterized by very low background activity and high induction ratio. It hmctions 
independendy of host physiology or any ceU-type-specific factors. It is composed 
completely of human proteins. The controUing dmg is well behaved in vivo and orally 
bioavailable. 

With a system of this general design, it should be possible to provide stable and 
precisely titrated doses of secreted therapeutic proteins from engineered cells in vivo. 
Intermittent and pulsatile dosing should also be feasible. A considfcrable. advantage of 
protein deUvery from engineered cells under smaU-molccule control is that ttie rale of 
protein production at any given time is a function of (be circulating concentration of the 
smaU-molecule drug. Therefore, the apparent phaimacokinetics of a therapeutic protein 
such as hGH can be dratnaticatty altered. In our c^qperiments, for example, die kinetics of 
circulating hGH deKvered from engineered cells foUowing a sin^ administration of 
rapamycin are markedly different from those observed foUowing a single administration of 
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recombinant protein. hGH administered to mice intravenously is cleared with a half-time of 
a few minutes, whereas hGH levels from engineered cells induced with rapamycin decayed 
with a half-time of approximately eleven hours. Even in humans, where the half-time for 
hGH clearance is approximately twenty minutes, injections must be given every other day, 

5 and serum hGH levels fluctuate dramatically. It is likely that protein delivery from 
engineered cells under precise pharmacologic control will lead to more effective therapy, 
particularly for proteins with poor pharmacokinetics or low therapeutic index. 

The use of a small-molecule drug to liivk a DNA-binding domain and activation domain 
15 an effective strategy for regulating gene expression in vivo. One especially attractive 

10 feature is that the S3fstem is entirely modular, allowing each component to be optimized and 
engineered independently. In contrast to bacterial repressors, which rdy on relatively subtle 
allosteric intramolectdar interactions to control DNA-binding activity, the dimerization 
strategy can be adapted to virtually any DNA-binding and activation domain. We have 
used here a DNA-binding domain of defined structure which readily supports rational 

15 engineering of DNA-binding affinity and new recognition specificities. Similarly, 

activation domains can be engineered for maximal potency and other suitable properties. 
Indeed, the engineered transcription factors used in these experiments elicit very high 
levels of gene expression relative to conventional promoter/ enhancer systems, and further 
enhancements in either domain can be readily incorporated. The ability to introduce 

20 engineered transcription factors dedicated to the transcription of a single target gene 

provides opportunities to achieve lower backgrounds and substantially higher levels of gene 
expression in vivo than conventiorud expression vectors. 

We have also chosen to construct our regulated transcription factors from human proteins 
to minimize the potential for recognition by the immune system. It has been reported that 

25 autologous T cells expressing a fusion protein composed of bacterial hygromydn 

phosphotransferase and herpes virus thymidine kinase were effectively recogrvized and 
eliminated by host cytotoxic T cells, even in AIDS patients with debilitated izrunune 
systems (Riddell, S.R., et al. T-cell mediated rejection of gene-modified HlV-spedfic 
cytotoxic T lymphocytes in HIV-infected patients. Nature Med. 2, 216-223 (1996)). Tlus 

30 observation s uggests that the risk o"f immune recognition of heterologous proteiris in 

engineered cells is a real one and that, therefore, the use of human proteins for performing 
regulatory fimctions in human cells is prudent. Although each individual component of our 
transcription factor fusion proteins is human in sequence, each protein contains jtmction 
peptides which could potentially be recognized as foreign. These junctions may be designed 

35 or selected, however, to minimize their presentation to the immune system, as discussed 
previously. 
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The principal limitation of rapamycin-based systems is the native biological activity 
of rapamycin, which, through inhibition of FKAP activity blocks cell-cycle progression 
leading to immunosuppression in vivo. However, the ability to introduce substituents or 
otherwise modify the structure of rapamycin to substantially reduce or abolish binding to 
FKBP and /or FRAP provides access to rapalogs devoid of muiue immunosuppressive 
activity. Use of such rapalogs, especially improved rapalogs of this invention, together 
with correspondingly engineered FKBP and/or FRB domains should prove widely useful for 
the rcguiahon of engineered protein production as well as the regulation of a wide variety of 
other biological processes in experimental animals and human gene therapy. 

Example 11: FP Assay for rapalog binding to FKBP 

Affinities of rapalogs for FKBP proteins may be determined using a competitive assay 
based on fluorescence polarization (FP). A fluorescein-labcUed FK506 probe (AP1491) was 
synthesized as described in WO 96/41865 (See Example 6 therein), and the increase in 
the polarization of its fluorescence used as a direct readout of % bound probe in an 
equilibrium binding experiment containing sub-saturating FKBP and variable amounts of 
rapamycin analog as competitor. 

Determination of binding affinities (IC50s) of rapalogs using FP 

Serial 10-fold dilutions of each analog are prepared in 100% ethanol in glass vials and 
stored on ice. All other manipulations are performed at room temperature. A stock of 
recombinant pure FKBP (purified by standard methods, sec eg. Wiederrecht G. et aL 1992. 1. 
Biol. Chem. 267, 21753-21760) is diluted to 11.25 nM in 50 mM potassium phosphate pH 
7.8/150 mM NaCl/ lOOpig/ml bovine gamma globulin fFP buffer": prepared using only low- 
fluorescence reagents from Panvera) and 98 \il aliquots transferred to wells of a Dynatech 
micro-fluor black 96-well fluorescence plate. 2.0 ^l samples of the rapalogs arc then 
transferred in duplicate to the wells with mixing. Finally, a probe solution is prepared 
containing 10 nM AP1491 in 0.1% cttianol/FP buffer, and 100 |d added to each weU with 
mixing. Duplicate control wells contain ethanol instead of rapalog (for 100% probe binding) 
or -ethanol instead of rapalog and FP buffer instead of FKBP (0% binding). 

The plates are stored covered in the dark for approximately 30 min to permit 
cquilibralion and then the fluorescence polarization of the sample in each well is read on a 
Jolley FPM-2 FP plate reader ffoUey Consulting and Keseardi, Inc., Grayslake, IL) in 
accordance with the manufacturer's rcconunendations. The mean polarization (mP units) for 
each competitor concentration is usually converted to % total biruiing by reference to the 
control values and plotted (y) vs. log molar final corKcntration of competitor (x). Non-linear 
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least square analysis was used to fit the curve and extract the IC50 using the following 
equation: 

y = Ml+{M4-Ml)/(l+exp(M2*(M3-x))) 

5 where MS is the IC50. For incomplete curves the IC50 is deteimined by interpolation. 
Rapamydn and Cl4-desoxo-rapainycin may be included as controls in each case ( C14- 
desoxo-rapamydn was prepared as described by Luengo^ J.I. et al. 1994 Tetrahedron Lett. 35, 
6469-6472). 

. 10 Example 12. Rapalog-dependent transcriptional activation in transiently 
transfected cells: 

Rapalogs may be assayed for their ability to dimerize FKBP and FRB fusion 
proteins using a transcription read out as follows. Constructs encoding rapalog- 
dependent trai\scription factor fusion proteins are introduced into cells which 

15 contain, or are engineered to contain, a reporter gene linked to transcriptional 

regulatory DNA permitting reporter gene expression following rapalog*dependent 
dimerization of the transcription factor fusion proteins. The transcription factor 
fusion proteins include (a) an FKBP fusion protein containing, as a heterologous 
effector domain, a DNA binding domain (DBD) and (b) an FRB fusion protein 

20 containing, as a heterologous effector domain, a trar\scription activator domain. The 
FKBP and /or FRB domains may contain naturally occurring or non-ruiturally 
occurring peptide sequerKe. The presence of a rapalog which is capable of mediating 
dimerization of the two fusion proteins leads to expression of the reporter gene. The 
level of reporter observed is indicative of the activity of the rapalog as a dimerizer. 

25 Use of a target gene of interest in place of a reporter gene renders this a regulated gene 
expression system for use in cells grown in culture or in whole organisms. 

We have made use of such as system as follows: HT1080 cells (ATCC CCL-121), 
derived from a human fibrosarcoma, were grown in MEM supplemented with 
non-essential amino adds and 10% Fetal Bovine Serum. Cells plated in 24-well 

30 dishes (Falcon, 6 x 10^ celJs/weli) were transfected using Lipofectamine under 

conditions recommended by the manufacturer (GIBCO/BKL). A total of 300 ng of 
the following DNA was transfected into each well: 

(a) 100 ng ZFHDxl2-CMV-SEAP reporter gene (reporter gene linked to 12 
recognition sites for the ZFHDI DNA-binding domain), 

35 (b) 25ng pCGNN-ZFHDl-3FKBP or other DNA binding domain fusion (fusion 
protein comprising 3 FKBP domains and one ZFHDI domain). 
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(c) 5 ng pCGNN-lFRB.p65{361-550) (fusion protein comprising an FRB domain 
and and a p65 transcription activation domain) and 

(d) 192.5 ng pUCllS. 

In some experiments, pCGNN-lFRB(T2098L)-p65(36l-550) was used in place of 

5 pCGNN-lFRB-p65(361-550) to generate an FRB fusion protein containing an 

engineered FRB domain. In control experiments vs^\ere the DNA binding domain or 
activation domain were omitted, an equivalent amoimt of empty pCGNN expression 
vector was substituted. For detailed information on the assembly and use of 
constructs including those mentioned herein, see WO 96/41865 (Clackson et al), 

10 espedaily the Examples therein (which are specifically incorporated by reference 
herein). Following iipofection (for 5 hours) 500 ul meditmi containing the indicated 
amounts of rapalog was added to each well. After 24 hours, medium was removed 
and assayed for SEAP activity as described (Spencer et al. Science 262:1019-24, 
1993). Human fibrosarcoma ceils transiendy transfected with a SEAP target gene 

15 and plasmids encoding representative ZFHD-FKBP- and FRB-p65-containing fusion 
proteins exhibited rapalog-dependent and dose-responsive secretion of SEAP into 
the cell culture medium. SEAP production was not detected in cells in which one or 
both of the transcription factor fusion plasmids was omitted, nor was it detected in 
the absence of added rapalog. As shoxvn in Figure 1, cells transfected with wild- type 

20 FKBF and FRB constructs exhibited SEAP production at dimerizer concentrations as 
low as 1 nM. Figure 2 illustrates preferential stimulation of SEAP production in ceBs 
expressing a mutant FRB (r2098U Figures 2B and 2D; T2098F, Figure 2E) as 
compared to wUd-type (Figures 2A and 2C). Similar results have been obtained 
when the same transcription factors were used to drive rapalog-dependent activation 

25 of an hGH target gene or a stably integrated version of the SEAP reporter gene made 
by infection with a retroviral vector. 

Example 13: Mutagenesis and phage display to generate modified Ligand-Binding Domains 
complementary to various rapalog^ 

30 

A. Engineered FKBF and FRB domains 

We have designed axui prepared recombinant DNA constructs encoding the fusion 
proteins tabulated below which bear illustrative modified Ugand-binding domains. Except 
a otherwise stated, mutants were generated using oligonudeotide-mediated site-directed 
35 mutagenesis according to standard metiiods (Kunkel TA.. Bebenek, K. and McClary, J. 1991. 
Meth EnzymoL 204, 235-139), and confimied by dideoxy sequencing. 
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Fusion prntgins f nntainmg modified FKBP domains 

(F36V hFKBP12)— p65 
5 (F36V hFKBP12)— (F36V hFKBP12)— p65 

(F36V hFKBP12)— (F36V hFKBP12)— (F36V hFKBP12)— p65 

(F36M hFKBP12)— p65 

(F36M hFKBP12)— <F36M KFKBP12)— p65 

(F36M hFKBP12)— (F36M hFKBP12)— (F36M hFKBP12)^p65 
10 (F36V hFKBP12)— ZFHDl 

(F36V hFKBP12)— {F36V hFKBP12)— ZFHDl 

(F36V hFKBP12)— (F36V hFKBP12)— (F36V hFKBPU)— ZFHDl 

(F36M hFKBP12)->-ZFHDl 

(F36M hFKBP12)— (F36M hFKBP12)-~ZFHDl 
15 (F36M hFKBP12)— (F36M hFKBP12)MF36M hFKBPU)— ZFHDl 

myr'(F36V hFKBP12)— (F36V hFKBPUj-^Fas 

myr-(F36M hFKBP12)— (F36M hFKBPU)— Fas 

myi-(F36A hFKBP12)— (F36A hFKBPU)— Fas 

niyr-(F36S/F99A HFKBPU)— (F36S/F99A hFKBPU)— Fas 



notes: 

1. ''hFKBP12" indicates amino acids 1-107 of human FKBP12 referred to previously 

2. "pdS" indicates residues 361-550 of p65 

25 3. ''Fas" indicates residues 175-304 of human Fas 

4. "ZFHDl" is as described elsewhere 

5. "myr" indicates the src myristoylation sequence 

6. mutations are indicated using the previously described convention 
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Fusion Ptoteiiii containing m9<jifig<^ (hFRAP) FRB <<opiain^ 

5 

(T2098A FRB)— p65 
(T2098N FRB)— p65 
(D2102A FRB)— p65 
CY2038H FRB)~-p65 
10 (Y2038L FRB)— p65 
(Y2038A FRB)--p65 

(F2039H FRB)— p65 

(F2039L FRB)— p65 
15 (F2039A FRB)— p65 

(K2095S/D2096N/T2098N FRB)->-p63 
(TORI FRB)— p65 

notes: 

20 1. "p65" indicates p65 residues 361-550, as above 

2. "FRB" indicates the 89 amino acid FRB of human FRAP 

3. ''TOR2 FRB" indicates amino adds 1961-2052 of S. ccrevisiae TOR2 



Yeast and Candida FRBs, modified by analogy to the modified hFRAP FRB domains 
25 discussed herein, may also be prepared by substitution of a codon for a different amino add 
in place of one or more of the two conserved Phe residues and the conserved Asp and Asn 
residues within each of tfieir FRB domains. Illustrative modified FRB domains derived 
from TOR 1 and TOR2, include the following: 
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Modified TORI and TOR2 FRB Domains 


TORI 


TOR2 


F1975H 


F1978H 


F1975L 


F1978L 


F1975A 


F1978A 


F1975S 


F1978S 


F1975V 


F1978V 


F1976H 


F1979H 


F1976L 


F1979L 


F1976A 


F1979A 


F1976S 


F1979S 


Fa976V 


F1979V 


D2039A 


D2042A 


N2035A 


N2038A 


N2035S 


1 N2038S 


These modified TORI and TOR2 FRBs are designed for use with rapalogs 


containing C7 substituents 





B. Testing rationally designed FKBP mutants for binding to rapalogs 

.^n expression vector based on pETHOb (Novagen) was constructed using standard 
procedures that expresses FKBP preceded by a hexahistidirw tag and a portion of the H. 
influenza hemaglutirun protein that is an epitope for the monoclonal antibody 12CAS. The 
sequence of the protein encoded by this vector is as follows: 

His6 HA tag FKBP-> 

MHHHHHHyPYDWDYAAMAHMC3VQVETISPGIX5RTFPKRGQTCVVHVTGM^ 

DRNKPFKFMLGKQEVIRGWEEGVAQMSVGQRAKLTISPDyAyGAl^PGIIPP^^ 

ELLKLE 

To generate expression vectors for FKBPs mutated at rapamycin contact residues, 
oJigonuclcotide-mediatcd site-directed mutagenesis was performed on the single-stranded 
form of the vector prepared from Exoli CJ236, as described (Kunkel, T^., BebeneK K and 
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McClary, J. 1991. Meth EnzymoL 204, 235-139). Mutants were confirmed by dideoxy 
sequencing. Mutant proteins were expressed in £.coU BL21(D£3) (Novagen) as described 
(Wiederrecht, G. et al. 1992. J, Biol. Chem. 267, 21753-21760), and purified to homogeneity 
as described (Cardenas, M.E. et al. 1994. EMBO J. 13, 5944-5957). 
5 Using this protocol the following mutant human FKBP12 proteins were generated, using 

the irulicated oligonucleodde primers (mutated bases in upper case; 5 ->3'): 



Mutants designed for binding to C24 rapalogs: 



10 


Phe46His 


agcataaacttaTGgggcttgtttctg 


(1) 




Phe46Lcu 


agcataaacttTaagggcttgtttctg 


(2) 




Phe46Ala 


agcataaacttaCCgggcttgtttctg 


(3) 




Phe48His 


ttgcctagcataTGcttaaagggcttg 


(4) 




Phe48Leu 


ttgcctagcatTaacttaaagggcttg 


(5) 


15 


Phc48Ala 


ttgcctagcataGCcttaaagggcttg 


(6) 




Glu54Ala 


cctcggatcaccGCctgcttgcctag 


(7) 




Val55Ala 


cagcctcggatcGCctcctgcttgcc 


(8) 



Mutants designed for binding to C13/C14 rapalogs: 

20 

Phe36Ala ccgggaggaatcGGCtttctttccatcttc (9) 

Phe36Val ccgggaggaatcGACfcttctttccatcttc(lO) 
Phe36Ser ccgggaggaatcAGAtttctttccatcttc (1 1) 

Phe36Met ccgggaggaatcCATtttctttccatcttc (12) 

25 (Phe36Met+Phe99Ala) aagctccacatcGGCgacgagagtggc (13) + primer 12 

(Phe36Met+Phe99Gly) aagctccacatcGGCgacgagagtggc (14) + primei 12 
(Phe36Ala+Phe99Ala) primer 9 + primer 13 
(Phe36Ala+Phe99GIy) primer 9 + primer 14 

Tyr26 Ala caagcatcccggtgGCgtgcaccacgcag (15) 

30 Asp37Ala tcccgggaggaaGCaaatttctttccatc (16) 

Mutant designed for binding (o C28/C30 rapalogs: 
35 Glu54Ala cctcggatcaccGCctgcttgcctag (17) 
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To assay the relative binding affinity of rapamycin and rapalogs to FKBP mutants, a 
competitive fluorescence polarization (FP) assay is used that relies on the retention of 
FK506 (and hence probe) binding affinity by the mutants. The procedure is identical to that 
5 described in Example 12 except that a direct binding assay is first perfonned to determine 
the dilution (concentration) of mutant FKBP to use in the competition reactions in order to 
obtain sub-saturation. Serial dilutions of mutant FKBP are made in FP buffer ( Example 12) 
in 100^1 volumes in Dynatech miao-fluor plates, and then 100^1 of 10 nM APU91 (probe) in 
[FP buffer + 2% ethanol] added to each well. Equilibration and plate reading are as in 
10 Example 12. A plot of mP units vs concentration of FKBP mutant is fit to following equation: 

y = M3+(((x+Ml+M2)-SQRT(((x+Ml+M2)'^2)-(4*x*Ml)))/(2»(Ml)))»(M4.M3) 

and the final mutant concentration/dilution at which 90% of probe is specifically bound is 
15 determined by interpolation. This final concentration is then used in a competition FP assay 
carried out as in Example 12, with 2 x the final concentration of mutant replacing 11.25 nM 
FKBP in the protocol. Instead of 90% saturation, 75% can be selected to impart greater 
sensitivity to the competition assay. Serial dilutions of rapamycin analogs are used as 
competitor and the results are expressed as 1C50 for each rapalog binding to each mutant. 

20 

C Testing rationally designed FRB mutants for binding to FKBP-rapalog complexes 

A NcoI-BamHI fragment encoding residues 2021-2113 (inclusive) of human FRAP was 
25 generated by PGR with primers 28 and 29 (below),and cloned into a derivative of pET20b(+) 
(Novagen) in which the Ndel site is mutated to Ncol, to create pET-FRAP(2021-2113). 
Single-stranded DNA of this vector was used as a template in site-directed mutagenesis 
procedures, as described above, to generate vectors encoding FRAPs mutated at rapamycin 
contact residues. Mutants were confirmed by dideoxy sequencing. Mutants were tiien 
30 amplified by PGR using primers (30 and 31) that append Xbal and Spel sites, and cloned into 
Xbal-Spel digested pCGNN-FRB-p65(361-550) ( Example 7) to generate a series of constructs 
directing mammalian expression of chimeric proteins of the form E-N-mutant FRAP(2Q21- 
21l3)-p65(361-550), where E indicates HA epitope tag and N indicates nuclear localization 
sequence. Constructs were verified by restriction digestion and dideoxy sequendng. 
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Using this procedure the following constructs encoding candidate mutant FRAPs for 
binding to C7 rapalogs^ each iused to the p65(361-550) activation domain, were generated 
using the indicated oligonucleotide primers (mutated bases in upper case; 5 ->3'): 



5 Tyr2038His 
Tyr2038Leu 
Tyr2038Ala 
Phe2038His 
Phe2038Leu 

10 Phe2038Ala 
Thr2098Ala 



cctltccccaaagtGcaaacgagatgc (18) 
cctttccccaaagAGcaaacgagatgc (19) 
cctttccccaaagGCcaaacgagatgc (20) 
gttcctttccccAtGgtacaaacgagatg (21) 
gttcctttccccTaagtacaaacgagatg (22) 
gttcctttccccaGCgtacaaacgagatg (23) 
gtcccaggcttggGCgaggtccttgac (24) 



(Lys2095Ser+Asp2096Asn+Thr2098Asn) gtcccaggcttggTTgaggrTcGAgacattccctgatttc 

(25) 

Thr2098Asn gtcccaggcttggTTgaggtccttgac (26) 

15 Asp2102Ala catgataatagaggGCccaggcttgggtg (27) 

To assay the relative binding affinity of diese mutants for complexes of FKBP with 
raoamycin and various rapalogs, each construct is transiently co-transfected into hxunan 
HT1080B14 cells, as described in Example 8. Following transfection^ serial dilutions of 
20 rapamycin or rapalog are added to the culture medium. After 24 hours, SEAP activity is 
measured as described in Example 8; the potency of SEAP activation at various rapalog 
concentrations is proportional to the affinity of the FRAP mutant for the complex between 
FKBP and the rapalog. 



25 
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PCR primers (restriction sites upper case; 5*->3'): 

gcalcCCATGGcaatcctctggcatgagatgtggcatgaaggcctggaag (28) 

cgtgaGGATCClactttgagattcgtcggaacac (29) 

5 gcatcTCTAGAatcctctggcatgagatgtggcatgaaggcctggaag (30) 

ggtclGGATCCctaataACTAGTctttgagattcgtcggaacacatg (31) 

D. Functional display of FKBP and FRB domains on filamentous bacteriophage: one 
approach to selection as an alternative to rational design of modified domains 

10 

A phage display system for the display and selection of mutant FKBP and FRB domains is 
disclosed in detail in WO 96/41865 (Clackson et al), including vector construction, 
preparation of His6-flag-FKBP, pCANTAB-AP-FKBP, Binding enrichments. Primers, the 

Sequence of pCANTAB-AP-FRAP(201S-2114) and pCANTAB-AP-FKBP, the synthesis of 
15 biotinylated FK506 for affinity enrichment studies, functional FKBP display by competitive 
EUSA using biotinylated FK506, generation of a library of mutant FKBPs on phage 
targetted to the CIS and C14 positions of rapamydn andliibrary sorting. 



20 Example 14: Rapamydn-Dependent Activation of Signal Transduction 

Many cellular receptors can be activated by aggregation, either by their physiological 
ligand or by anti-receptor antibodies. Additionally, the aggregation of two different 
proteins can often trigger an intracellular signal. Rapamycin and its analogs may be used to 

25 trigger activation of a receptor effector domain by oligomerizing chimeric proteins, one of 
which contains one or more FKBPs and an effector domain and the other of which contains 
one or more FRAP domaiiu and an effector domain. This scheme is illustrated in Figure 
Tl(a}. While both proteins are shown anchored to the men:U>rane, a single one could be 
membrane anchored, and addition of rapamycin or analog would recruit the second protein to 

30 the membrane via dimerization. Membrane anchoring may be effected duou^ a 

transmembrane protein anchor or through lipid modification of the protein(s), such as 
myristoylation. The same effector domain may be present on both proteins, or different 
protein domains that interact functionally may be used, such as a protein kinase and a 
protein kinase substrate. Alternatively, a second effector may serve to inhibit the activity 

35 of the fot effector. 
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We note that in some embodiments*, the chimeric proteins are mixed chimeras^ discussed 
previously, and contain FKBP and FRAP domains together with the heterologous efector 
domain. Oligomerization of a single mixed chimera may also be used to activate signal 
transduction^ as shown in Figure Tl(b). Here rapamycin is shown to dimerize two identical 

5 copies of the protein. Reiteration of the FKBP and FRAP domains permits higher multiples 
to occur, subject to geometric constraints. 

Two examples of the use of rapamycin in signal transduction are to trigger receptor 
tyrosine kinase activation and to trigger apoptosis via Fas activation, both of which are 
discussed below. UrUess otherwise mentioned all DNA manipulatioits were performed 

10 following standard procedures (F.M. Ausubel et al., Eds., Current Protocols in Molecular 
Biology, lohn Wiley & Sons, New York, 1994) and all protein protocols were performed 
following standard procedures (Harlow, E. and Lane, D. 1988. Antibodies, a Laboratory 
Manual. Cold Spring Haibor Laboratory, Cold Spring Harbor.). All PCR products used to 
make constructs were confirmed by sequencing. 

15 

A. Rapamycin-induciblc receptor tyrosine kinase activation. 

1. Construction of pCM, an expression vector containing a myristyiation signaL 

A Xbal-Myr-BamHI cassette, obtained by annealing oligonucleotides 1 and 2, was 

20 digested with Xbal/BamHI and cloned into the Xbal/BamHI site of the pCG expression 

vector (Tanaka, M. and Herr, W. 1990. Cell 60: 375-386) to create pCGM. (For oUgonudeotide 
sequences, see (7) below). This oligonucleotide cassette consists of an inframe Xbal site 
followed by sequence encoding for the first 15 amino adds residues of c-Src tyrosine kinase 
that has been shown to allow myristoylation and target protein to the plasma membrane 

25 (Cross et al-, 1984. MCB. 4:1834-1842). The myristoylation domain is followed by an inframe 
Spcl site and stop codorw. The Xbal site in the pCG vector is placed such chat it adds two 
amino adds between the initiating Met and the sequence cloned. Since the spacing between 
the initiating Met and the m)aistylated Gly is crucial for membrane localization of c-Src 
(Pellman et al. 1985. PMAS. 82: 1623-1627) the Xbal site following the ATG in pCGM was 

30 deleted by site directed mutagenesis following manufacturers protocol (Muta-Gene, BioRad). 
To facilitate future doning steps the Spel site in the myristyladon cassette was mutated to a 
Xbal site. Single stranded uracil-DNA of pCGM was prepared znd the mutagenesis was 
carried out using both oligonudeotide 3 (to delete the Xbal site foUowing ATG and add an 
EcoRI site 5* to ATG) and oligonucleotide 4 (to change the Spel site foUowing the 

35 myristyiation domain to a Xbal site). The resulting sequence suxzoundmg the ATG of the 
pCM vector was confinned by sequencing using oligonudeotide 5 (see sequence I» (8) below). 
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2. Addition of FKBPs and an epitope tag to pCM generates pCMFl/2/3JiA, 

A Spel-HA-BamHI cassette was prepared by aimealing complenientary oligonucleotides - • 
(oligonucleotides 6 and 7). This cassette has an inframc Spel site followed by rune amino 
5 adds of H. influenzae hexnaglutinin gene that is recognized by the monoclonal antibody 
12CA5, stop codons and a BaxnHI site. The Spel-HA-BamHI cassette was sub cloned into the 
Spel/BamHI site of pCGNNFl, pCGNNF2 and pCGNNF3. Subsequendy, the 1/2/3 copies of 
FKBP fused widi HA epitope was sub doned as an Xbal/BamHl fragment into pCM. The 
resulting plasmid (pCMFl/2/3,HA) has the following features: myristylation domain; an 
10 inframe Xbal site; one/ two/ three copies of FKBP; an inframe Spel site; a HA epitope tag; 
and stop codons. 

3. Addition of FRBs and an epitope tag to pCM generates pCMFRI /2/3.FIag. 

A Spel-Flag-BamHI cassette can be prepared by annealing complementary 
15 oligonucleotides (oligonucleotides 8 and 9). This cassette has the same features as the Spel- 
HA-BamHI cassette described above with the exception that the inframe Spel site is 
followed by sequence that codes for eight amino acids (DYKDDDDY) (Hopp et al., 1988- 
Biotech. 6: 1205-1210] that is recognized by a monoclonal antibody anti-FLAG.M2 (Kodak 
Scientific Imaging Systems). The Spel-Flag-BamHI cassette is sub doned into the 
20 Spel/BamHI site in pCGNN-lFRB, pCGNN-2FRB and, pCGNN-3FRB, Subsequently 1/2/3 
copies of FRB domain-Flag epitope fusions are sub cloned as a Xbal/BamHI fragment into 
pCM. The resulting plasmid (pCMFRl/2/3.Flag) has the following features: myristylation 
domain; an inframe Xbal site; one/ two/three copies of FRB; an inframe Spel site; a Flag 
epitope tag; and stop codons. 

25 

4. Fusion of FKBP and FRB constructs to receptor tyrosine kinase cytoplasmic domain 

The cytoplasmic domain of receptor tyrosine kinase of choice (e.g., EGFR, erbB-2, 
PDGFR, KDR/Flk-1, Fll-1) is PGR ampUfied with inframe 5'XbaI and 3* Spel sites. The 
PGR product may be subdoned either into the inframe Xbal site such that the Xbal site is 

30 restored, or into the inftame SpeLsite such that the Spel site is restored in pGMFR series or 
pGNfFseries vectors (see above). As a result, the FKBP/FRB domam(s) can be placed either 
G-termizul or NH2-terminal to the cytoplasmic domain of the receptor tyrosine kinase. The 
vectors are constructed sudi that (i) the cytoplasmic domain of a given receptor is fused to 
both FKBP and FRB (for e.g., EGFR cytoplasmic domain fused to either FKBP or FRB) or (ii) 

35 can be constructed such' that cytoplasmic domains ol two different receptors are fused to 
FKBP and FRB (for e.g.,: EGFR cytoplasmic domain fused to FKBP and eibB-2 cytoplasmic 
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domain fused to FRB), In the former case (i) addition of the drug, rapamycin, will induce the 
formation of homodimers (e.g., EGFR/EGFR) while, in the latter (ii) addition of khe drug 
will induce heterodimer (eg., EGFR/crbB-2 ) and result in activation of the signal 
transduction cascade. 

5 

5. Testing the constructs 

To test the ability of rapamycin or analog to induce dimerization of FKBP- and FRB- 
receptor cytoplasmic domain fusions, the constructs of choice (e.g., pCl^GFR-FRi and 
pCMEGFR-Fl) are cotransfected into Cos-1 cells by lipofection (Gibco BRL). Three days 

10 after transfection the cells are induced with rapamycin and lysed in lysis buffer (1% Triton 
X-100; SOmM Tris.cl pH8.6; 150mM NaC; 5mM NaF; ImM sodium orttus vanadate; lOug/ml 
aprotinin; lOug/ml leupeptin). The fusion proteins from rapamydn-treated and untreated 
cell lysates are immunoprecipitated with anti-Flag and 12CA5 antibodies and 
immunob lotted with anti-phosphotyrosine antibody. The choice of cell type; the amount of 

15 DNA transfected; the concentration of rapamycin used and the duration of drug treatment 
are varied to achieve optimal results. 

6. Rapamycin-inducible cell growth 

A selected mammalian cell line (e.g.^ NIH3T3) is cotransfected with constructs encoding 
20 for FRB and FKBP fusion proteins (e.g., pCMEGFR-FRl and pCMEGFR-Fl) aiul stable cell 
lines expressing the fusion proteins are established. To deteraiine whether rapamycin- 
inducible activation of reoeptor cytoplasmic domain will induce cell proliferation, stable 
cell lines expressing the fusion proteins are grown either in the presence or absence of 
rapamycin and the changes in cell growth rate are determined by routine procedures (e.g., by 
25 monitoring cell niunber; by determining the 3H thymidine incorporation rate, etc.). The 
choice of receptor tyrosine kinase; the type of receptor activation (homodimer vs. 
heterodimer) may be chosen to obtain optimal results. 

7. Oligonudeofide sequences 

30 

1: CATGTCTAGAGGGAGTAGCAAGAGCAAGCCTAAG GACCCCAGCCAG 

CGCACrAGrrAAGAATTCIGATGAT CAGCGGATCCTAGC 
2: GCTAGGATCrGCTGATCATCAGAATnnTAACTAGTG 

CGCTCGCTCGCGTCCTrAGGCnGCTC^ CTCTAGACATG 
35 3: a^CXntnAGAATnXCGCGTATCGGGAGTAGCAA^ 
4: CCCAGCCAGCGCrCrAGATAAGAATrCTGA 
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5: AAGGGTCCCCAAACrCAC 

6: GCATGACTAGITATCCGTACGACGTACCAGACr 

ACGCATAAGAAAAGTGAGGATCCTACGG 
7: CCGTAGGATCCICAC IiriCn ATGCGTACTCTGGT 
5 ACGTCGTACGGATAACrAGrrcATGC 

8: CCGTAGGATCCTCACirnCTTAATAATCGTCATCG 

TCrntTrAGTCACrAGTCATGC 
9: GCATGACrAGTX^ACrACAAAGACGATGACGATTA 
TTAAGAAAAGTGAGGATCCrACGG 

10 

8. Sequence 1: 

MGSSKSKPK 

CGC CTT GTA GAA ttc GCG CGT Ajfi ggg agt agc aag age aag ccc aag 

15 

D P S Q R S R scop Stop 
gac ccc agc cag cgc tct aga caa gaa etc tga tga tea gcG GAT CCT 

20 GAG AAC T 

The modified sequences are in lowercase bold and the intitiating ATG is underlined. 
Sequences in uppercase are from the parental pCG bacicbone. 

25 B. RapamycinMnducible apoptosis 

The ability to control Fas activation and trigger apoptosis via a small molecule has 
applications both in gene therapy, where it may be used to selectively eliminate engineered 
cells, and in experimental systems. The proteins described here are anchored to the 
membrane via the low affinity NGF receptor, also called p75. It should be appreciated, 

30 however, that another protein anchor could be readily substituted. p75 is usehil 

experimentally because of the availability of antibodies to its extracellular domain, and its 
lack of high affinity interaction with any identified ligand (Bothwell, M. 1995. Annu. Rev. 
Neurosd. 18:223-253). 

35 1. 2-Frotein Rapamydn-Regulated Fas Activation 

(a) Construction of the p75 vector 

Vectors to direct tiie esqyressiQn of FRAP-Fas fusion proteins containing the extracellular 
and transmembrane domain of the low affinity NGF receptor (also known as p75) were 
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derived from the mammaiian expression vector pJTW (Morgenstem, J,P, arid Land, H. 1990. 
Nucleic Acids Res. 18:1068), modified by substitution of a pUC backbone for the original pBR 
backbone using standard methods. We call this vector pA7W. Inserts cloned into the 
polylinker sites of this plasmid are transcribed under the contxol of the simian CMV 
3 promoter and enhancer sequences. The polylinker follows the CMV sequence >vith HindlH- 
Sall-Xbal-BamHI-Smal-Sstl-EcoRI-Clal-KpnI-Bgin. Any mammalian expression vector 
with suitable cloning sites and promoter could be substituted. 

A restriction fragment encoding a fragment of p75 flaiJced by HindUI and Xbal sites was 
generated by PCR using prizners Jl (5') and J2 {30, based on the sequence of p75 (Johnson, D., 

10 Lanahan, A^ Buck, CJt, Shcgal, A., Morgan, C, Mercer, E., Bothwell, M., Chao, M. 1986. 
Cell 47545-554). The original source of the PCR template was a done derived from a human 
brain library, using primers similar to Jl and J2 but with different restriction sites. The 5' 
end of the resulting fragment contains a Hindlll site followed by an EcoRI site, a Kozak 
sequence and the initiation of p75 coding sequence (amino acid 1), The 3' enid generated 

15 encodes the receptor sequence up to and including amino add 274, 2 amino adds past the 
predicted membrane spanning sequence, followed by an Xbal site. Analogous portions of 
other transmembrane receptors can be substituted for this fragment. The PCR product was 
subcloned as a HindUI-Xbal fragment into Hindin-Xbal cut pA7W, generating pA7Wp75. 
The construct was verified by restriction analysis and DMA sequencing. 

20 

(b) Addition of Fas to pA7Wp75 

Xbal-Spel fragments encoding Fas amino adds 206-304 (FasS) and Fas amino adds 206- 
319 (FasL) were made by PCR and subdoned into pATWpTS cut with the same enzymes. The 
primers used were J3 (5') and J4 or J5 {3^. J5 generates a fragment of Fas that ends beyond its 

25 termination codon; when cut with Spel, the nucleotides encoding the terminal 15 a a of Fas 
are removed to give a truncated form of intracellular Fas we call FasS, Removal of these 15 
aa increases the activity of Fas in some cell types (Itoh, N., and Nagata, S. 1993. J. BioL 
Chem 268:10932). Primer J4 replaces the natural termination codon of Fas with a Spel site, 
arid also mutates the original Spel site contained in Fas, generating FasL. The plasmids 

30 generated from subdoning these fragments axe pA7Wp75-FasS and pA7Wp75-Fasl^ 

respectively. These construct were verified t^y restriction analysis aiui DNA sequeridng. To 
attach an epitope tag to these inserts, the Xbal-Spel Fas fragments were isolated and 
ligated into the Xbal-Spel cut backbone of pCMFl/2/3iiA, plasmids desaibed above which 
encode an epitope tag of 9 amino adds from the H. influenza haemagglutinin protein (E) 3' to 

35 the Spel site, followed by a BamHI site. Cutting the resultant plasmid widi Xbal azul 
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BaixiHI generated fragments encoding Fas followed by the epitope tag (designated E for 
these coostracts). 

(c) . p^FRAP-Fas^itope fusion proteins: addition of FRAF-containing fragments to 

5 pA7Wp75-FasSE and pA7Wp75-FasLE to generate p75-FRAPx-FasSorLE and p75-FasSarL- 
FRAPxE 

The Xbal-Spel fragments containing a portion of FRAP are described previously in this 
document. These Xbal-Spel fragments were inserted into either the Xbal site directly after 
the p75 coding sequence to generate p75-FRAPx*FasSorL£ or into the Spel site directly after 

10 the Fas fragment to generate p75-FasSorL-FRAPxE. Alternatively, more than one FRAP 
fragment is subdoned ixv either as a FRAPn fragment, or by sequential subdoning of Xbal- 
Spel fragments into the Spe I site available after subdoning the first FRAP into either Xbal 
or Spel Thus the final series of vectors encodes (from the N to the C terminus) p75 
extracellular and transmembrane sequence, one or more FRAP-derived domains fused N- or 

15 C-termtnally to one or more Fas intracellular domains, and an epitope tag. 

(d) p75-FKBP-Fas fusion proteins: addition of FKBP-containing fragments to pA7Wp75- 
FasSE and pA7Wp75-FasLE to generate p75-FKBPn-FasSorL or p75-FasSorL-FKBPn 

The Xbal-Spel fragments contairung one or more FKBPs have been described elsewhere 
20 in this document. These fragments were ii^erted into either the Xbal site directly after the 
p75 coding sequence to generate p75-FKBPn-FasSorL or into the Spel site directly after the 
Fas fragment to generate p75-FasSorL-FKBPn. Thus the Bnal series of vectors encodes (from 
the N- to the C-terminus) p75 extracellular and transmembrai\e sequence, one or more FKBPs 
fused N' or C-terminally to one or more Fas intracellular domains, and an epitope tag. 

25 

(e) Assay of Rapamycin-Mediated Fas Activation 

The ability of expression of a protein containing Fas and FRAP domaitu and a protein 
containing Fas and FKBP domains to activate Fas and trigger ceil death upon addition of 
rapamydh can be tested in either trax\siendy or stably transfected cells. 

30 For transient trazufections, the two plasmids to be tested are cotransfected into a cell 

line such as HT1080 by a standard method such as lipofection, caidum phosphate 
precipitation or electroporatioiu One or more days after transfection, cells are treated with 
no addition or one or more concentrations of rapamydn or one or more concentrations of a 
dimerizing agent such as FK1012. Hie FK1012 serves as a positive control that the FKBP- 

35 Fas construct is functional Several hours to 1 day later, the cells are monitored for response 
by one of several methods. Cell lysates were prepared by conventional means and used to 
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generate Western blots that are probed with antibody directed against HA or against tne 
cxtraceUular domain of p75. Alternatively, cells can be assayed by collection in isotonic 
solution plus 10 niM EDTA, stained with 8nti-p75 monoclonal antibody and labeled 
secondary antibody, and the positive cells measured by FACS. A decrease in either Western 
blot signal or FACS signal upon treatment indicates sucessful induction of ceU death (or 
decrease in protein expression). In addition, commerdally available kits can be used to 
monitor apoptosis. 

To stably transfect cells, a vector encoding a selectable marker such as neomycin 
resistance is cotransfected along with the plasmids described. Two to three days after 
transfection. cells are plated into G418 and the resistant popuUtion or clones are isolated by 
standard means. These populations can then be monitored direcUy for induction of apoptosis 
by treatment widt dimerirer followed by ceU counting or other measure of cell viabiUty. 

An alternative means of generating stable cell lines expressing the constnicts of interest 
is to subclone the inserts into a retroviral vector. The inserts are exdsable with Eco RI to 
fadUtatc this subdoning. The vector is then used to make transducing supematants by a 
packaging cell using conventional methods. 
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1 Single Protein Rapamycin-Regulated Fas ActivatUm 

(a). Construction of FKBP-FRAP diimeric fragments FKBP-FRAP fusion constructs for 
rapamydn-dependent homodimerization of Fas intracellular domain 

i. Structure-assisted design 

In order to design molecules containing both FRAP and FI3P domains that a« capable 
of rapamycin-dependent homodimerization. ttie three dimensional structure of the ternary 
complex between human FKBP12, rapamycin, and a portion of human FRAP encompassing 
the minimal FRB domain may be considered. Requirements for homodimerization of two 
molecules of hision proteins containing FRAP. FKBP and Fas moieties inchide (i) sufficient 
length and flexibility of the polypeptide to accomodate the distortions necessary for the 
FRAP-FKBF interaction to occur between molecules. tethered at the membrane, while 
preserving the abiUty of aggregated Fas to transduce a signal; and (iiT prevention or 
Bunimization of intramolecular dimerization by rapamycin, an event expected to be highly 
entropically favored due to the chelate effect, and therefore to prevent the desired 
intennolecular molecular dimerization. 

Structural considerations led us to the foUowing design preferences for the fusion 

constructs: 



20 



(i) FRB and FKBP should be joined with a polypeptide linker sufficiently short that 
intramolecular dimerization is sterically prevented. The currently preferred configuration is 
FRAP-FKBP as the C-tenninus of FRAP and the N-terminus of FKBP are distant, aUowing a 
long linker (>ten amino acids) that should still prevent intramolecular dimerization yet 
25 afford flexibiUty. 

(u) Tlus FRAP-FKBP 'cassette' can be present membrane-proximally (i-e. with Fas 
domain(s) added to the C-terminus). or membrane distal (with the Fas domain membrane- 



30 



proximal and the FRAP-FKBP cassette appended C-terminaUy). 



(Ui) A long linker should be present N-terminai to the FRAP-FKBP domains, to aUow for 
the stnictuial distortions impUed by dimerization at the membrane or if the domains are 
added C-terminaUy. Again a N-terminal location of FRAP is preferred as this long linker 
can then comprise natural FRAP sequence from the region N-tenninal to the FRB domain. 
35 miiumizing the immunogenidty of the chimeric protein. 
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(iv) Optimal linker lengths and fusion positions for a given protein should be confin.jd 
empirically* 

A sates of 12 fusions of FKBP and FRAP, designated T1-T12, was designed. Nine were N- 
FRAP-FKBP-C fusions induding between 13, 23 or 33 amino acids N-tenninal to Arg2018 (the 
N-tenninal linker), and 4, 7 or 10 residues separating the two proteins. The remaining three 
wen! N-FKBP-FRAP-C fusions inlerposing3,0or-t residues of FRAP sequence betweenFKBP 

GlulO? and FRAP ArgZOlS, 
(ii) Construction 

The twelve fusions were made as Xbal-BamHI cassettes that could be cloned directly as 
a single fragment, using the three-primer PGR spUdng method {Yon, J. and Fried, M. 1989. 
Nucleic Adds Res. 17, 4895)-aoning in this way avoided the introduction of restriction sites 
between the genes that would encode foreign sequence and alter the length of the linker. A 
mUture of 1 ng each of pCGNN-lFRAPi and pCANTAB-AP-FKBP was amplified using P^^x 
polymerase withlMMeachof two outer primers (A and Q, in the presence of 0.01 ^Mofa 

single -splice- oUgo (B) complementary to both genes that directs the desired h«ion. The 
primers used are tabulated below: 
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# 


construct 


oUgos 




N-term* 


Hnkert 






A 


D 


\» 




(aa) 


Tl 


FRAP(1985-2116)-rKBP 


inn 








4 


TZ 


FRAP(1995-2116)-FKBF 








O'X 

^-D 


4 


T3 


FRAP(2005-21 1 6)-FKoP 


lUl 








4 


T4 


FRAP(1985-2119)-FKBP 




mi 


1 


JO 


7 


T5 


FRAP{1995-2119)-FKBP 


93 


li^ 


105 


23 


7 


T6 


FRAP(2005-2119)-FKBP 


101 


103 


105 


13 


/ 


T7 


FRAP(1985-2122)-FKBP 


IQO 


104 


105 


33 


10 


T8 


FRAP(1995-2122)-FKBP 


93 


104 


105 


23 


10 


T9 


FRAP(2005-2122)-FKBP 


101 


104 


105 


13 


10 


no 


FKBP-FRAP(2014-2114) 


106 


107 


110 




3 


ni 


FKBP-FRAP(2018-21U) 


106 


108 


110 




0 


T12 


FKBP-FRAP(2021-2114) 


106 


109 


110 




-4 



15 

♦ Number of amino adds between the Arg encoded by the 5' Xbal site and FRAP Arg2018 (for 

fusions T1-T9) 

t Number of amino acids between FRAP Ser2112 and FKBP Glyl (for fusions T1-T9); or 
between FKBP Glul07 and FRAP Arg 2018 (for hisions T10-T12) 

20 

PGR products were purified, digested with Xbal and BamHI, and Ugated into Xbal-BamHI 
digested pCM. The constructs were verified by restiicHon analysis and DNA sequencing. 

Primer sequences and the sequence of a representative FRB-FKBP construct: hision T6 of 
25 FRAP (2005— >)-FKBP are disclosed in WO 96/41865 (p. 109). 



(b) Addition of FRAP-FKBP chimeric inserts to pA7Wp75-FasSE and pA7Wp75-FasLE 
Subdoning of Tl through T12 as Xbal-Spel fragments into pA7Wp75-FasSE and 

30 pA7Wp75-FasLE linearized with Xbal generates p75rFasSorLE. Subdoning into pA7Wp75- 
FasLE linearized with Spel generated p75FasSorLT-E. These constructs arc listed in Table 1 
{(d) below). 

(c) Alternative FRAP-Fas-FKBP constructs 

35 Instead of the format of the chimeric fragments T1-T12, the single dvain strategy could 

require a different orientation of domains for optimal acthnty. To this end, another scries of 
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constnids was made in whidi FKBP and FRB aie separated by a Fas fragment. The stii.Lng 
points for these constructs are pCMFlHA. pCMKHA, and PCMF3HA. Similar to the 
strategy described above for the constmctioii of chimeric transcription factors, FKBP and 
FRB fragments (described elsewhere in this document) were cloned into the pCM backbones 
as Xbal-BamHI fragments that included a Spel site just upstream of the BamHI site. As 
Xbal and Spel produce compatible ends, this allowed further Xbal-BamHI fragments to be 
inserted downstream of the initiai insert Additionally, cloning of an Xbal-Spel fragment 
results in the addition of the fragment at the 5' end of the construct The final p75-anchored 
construct was made by subcloning the Xbal-Spel fragments shown inTablel((d) below) into 

pA7Wp75-FasSE. A similar series is made by subcloning into pA7Wp75-FasLE. Insertion 
into vector cut withXbal resulted in addition of the inserts' to the p75 fragment Insertion 
into this vector cut with Spel resulted in addition of the insert 3' to the Fas fragment. 
Insertion into this vector cut with Xbal and Spel resulted in additions' to the p75 fragment, 
and elimination of the Fas fragment originally in the vector. By using these three subcloning 
strategies, the foUowing series of constmcts was generated. Numerical subsaipts define the 
number of times the domain is reiterated. 
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(d) Table 1. 

Code: M= p75 NGF receptor aa 1-274 
Fasss Fas aa 206-304 

FasL= Fas aa 206-319 
K=FKBP aa 2-108 

RsFRAP 2012-2113, but other boiuidaries can be substituted 

Es HA epitope followed by tezinination codons as described in pCMFl/2/3.HA 



NAME 


Xba I-Spe I 

FRAGMENT 

SUoCLONcD 


VECTOR SITE(S) 
USED TO 

INTO pATWpTS- 
FasSE 


CONSTRUCT 


Al 


K2FasL 


Spel<»-Xbal 


NK2FasL£ 


A2 


R 


Spel 


NFasSRE 


A3 


R 


Xba I 


NRFasSE 


A4 


R2 


Spel 


NFasSR2E 


A5 


R2 


Xba I 


NR2FasSE 


A6 


K2FasSR 


Spel 


NFasSK2FasSRE 


A7 


KFasSR 


Spel 


NFasSKFasSRE 


A8 


K2FasSR2 


Spel 


NFasSK2FasSR2E 


A9 


KFasSR2 


Spel 


NFasSKFasSR2£ 


AlO 


Tl 


Spe I 


NFasSTlc 


All 


T2 


Spel 


NFasST2E 


AU 


T3 


Spel 


NFasST3E 


A13 


T4 


Spel 


NFasST4E 


A14 


T5 


Spel 


NFasSTSE 


A15 


T6 


Spel 


NFasST6E 


A16 


T7 


Spel 


NFasSTTB 


A17 


TB 


Spet 


NFasSTSE 


A18 


T9 


Spel 


NFasST9E 


A19 


TIO 


Spel 


NFasSTlOE 


A20 


Til 


Spel 


NFasSTllE 


A21 


T12 


Spel 


NFasST12E 


A22 


K2FasSR 


Xba I 


NK2FasSRFasS£ 


A23 


KFasSR 


Xbal 


NKFasSRFasSE 
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A24 




Xba 1 


NK2FasSK2FasSE 


A25 


KFasbtU 


Xba I 


NKFasSR2FasSE 


A26 


Tl 


Xba I 


NTlFasSE 


A27 


T2 


ADA X 


NT2FasSE 


A28 


T3 




NT3FasSE 


A29 


T4 




NT4Fa5S£ 


A30 


T5 


AOB A 


NTSFasSE 


A31 


T6 


YVia T 

Aua 1 


NT6FasSE 


A32 


T7 


ADA X 


NT7FasSE 


A33 


T8 


ADA i 


NTSFasSE 


A34 


T9 




NT9FasSE 


A35 


no 


Xba I 


NTlOFasSE 


A36 


Til 


Xba I 


NTllFasSE | 


A37 


T12 


Xba I 


NT12FasSE 


A36 


K2FasSR 


Spcl + Xbal 


NK2FasSRE 


A39 


KFasSR 


Spel + Xbal 


NKFasSRE 


A40 


K2FasSR2 


Spe I + Xba I 


NK2FasSR2E 


A41 


KFasSR2 


Spe 1 4- Xba I 


NKFasSR2E 
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(e) Ternui«/jui«*onsequer«:esoffragB«nts,oBgosai^ 

i«erts which were don«d in 3' to the myristoylation signal sequence as Xbal-BamHI or 
Xbal-Spel fragments are disclosed in detaU in WO 96/41865. 

(0 Rapamycin-regulated apoptosis of stable transsfccted hun«n HTIOBO cells in culture 

Xbal-BamM fragments ton constructs A30 and A31 (d, table 1) were cloned into pCM to 
generate M30 and M31, constructs that direct the expression of MI5FasSE and Mr6FasSE, 
where M denotes a myristoylation domain (sec this example sections A.l. and A.8.) and 
other abbreviations aK as described in d, table 1. EcoRI-BamHI fragments containing these 
expressioncassettes were then doned into the retroviral vector pSKONS (Example 7). 
Helper-free retrevinues containing this DNA were generated by transient co-transfecUon of 
293T cells (Pear. W5. et aL 1993. Proc. NatL Acad. Sd. USA. 90, 8392-8396) with the 
c^tnxcts and a Psi(-) amphotropic padcaging vector. im080 cells were infected with v„al 
Stock and selected with G418. 
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To assay apoptosis of the stably transfected pools of cells in response to rapamydn, .alls 
were plated in a 96-weU culture plates at 10000 cells/welL After an overnight incubatioa 
serial dilutions of rapamydn were added, together widi 50 ng/xnl (final) aclinomydn D, 
and incubation continued at 37»C and 5% C02 for approximately 20 hours. The media was 
removed and replaced with lOOjil of media containing 10% aiamar blue dye. Plates were 
incubated as before, and the extent of cell viabOity assessed periodicaDy by 
spectrophotometric determination of OD at 570nm and 600nm on a microtiter pUte reader. 
Typically reading was continued until control (untreated) wells arc at OD 0.2-0.4 after 
subtraction of blank. 

Survival of cells stably transfected with (a) M30 and (fa) M31-expres5ing constructs is 
potently reduced in the presence of rapamydn, in a dose^ependent manner. The extent of 
ceU death is comparable to that of cells expressing a myristoylated (FKBP x 2)-Fas 
construct (as disclosed in PCT/US94/08008) treated with a synthetic FKBP homodimerizer 
AP1428. This system may be adapted for use with improved rapalogs of this invention, 
preferably with one or more mutations in die FKBP and/or FRB domains used. 



ft t 4 m 



The full disclosure of each of the patent documents and scientific papers cited herein 
is hereby incorporated by reference. Tliosc documents serve to illustrate die state of the art 
in various aspects of diis invention- Numerous modifications and variations of the present 
invention should be apparent to one of skill in the art. Such modifications and variations, 
including design choices in selecting a heterologous action domain, improved rapalog, fusion 
protein design, DNA formulation, viral vector or other DNA deUvery means, manner and 
route of transgene administration, etc. arc intended to be encompassed by Ae scope of the 
invention and of the appended daims. 
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Claims: 



10 
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1. A method for multimerizing chimeric proteins in cells which comprises: 
(a) providing cells which contain: 

(i) a first recombinant imdeic add encoding a first dumeric protein whidi binds to 
rapamydn or an analog thereof and whid^ comprises at least one FKBP domain and at 
least one protein domain heterologous thereto, wherein the FKBP domain comprises a 
peptide sequence selected from: 

(1) a naturally occuiing FKBP 

(2) a variant of a nataraEy occuring FKBP in which up to 10 amino acid residues 
have been deleted, inserted, or replaced with substitute amino acids, 

(3) an FKBP encoded by a DNA sequence capable of selectively hybridizing to a 
DNA sequence encoding an FKBP of (i) or (ii); 

(u) a second recombinant nucleic add encoding a second chimeric protein which forms a 
20 complex with both (a) tapamydnor a rapamydn analog and (b) the first chimeric 
protein, and which comprises at least one FRB domain and at least one domain 
heterologous thereto, wherein the FRB domain comprises a peptide sequence selected 
from: 

25 (1) a naturally occuring FRB domain, 

(2) a variant of a naluraUy FKB domain in which up to 10 amino acid residues have 
been deleted, inserted, or replaced wilh substitute amino adds, 

(3) an FRB domain encoded by a DNA sequence capable of selectively hybridizing 
to a DNA sequence encoding an FRB of (iv) or (v); 



30 



and 

(b) contacting the cells with an improved rapalog which forms a complex containing itself 
and at least one molecule of each of the first and second chimeric proteins. 



35 



143 



wo 99/36553 



PCTAJS99/00178 



where the improved rapalog has an immunosuppressive effect less than 0.01 times th?^ 
rapamydn and comprises the substructure of formula L 




I 

5 

bearing one or more optional substituents, optionally xmsaturated at one or mere carbon- 
carbon bonds spanning carbons 1 through 8, as a substantially pure stereoisomer or mixture of 
stereoisomers^ or a pharmaceutically acceptable derivative thereof. 

10 2. A method for multimerizing chimeric proteins in cells which comprises: 

(a) providing cells which contain: 

(i) a first recombinant nucleic add encoding a first chimeric protein which binds to 
15 rapamydn or an analog thereof and which comprises at least one FKBP domain and at 

least one protein domain heterologous thereto, wherein the FKBP domain comprises a 
peptide sequence selected from: 

(1) a naturally occuring FKBP 
20 (2) a variant of a naturally occuriiig FKBP in which up to 10 amino add residues 

have been deleted, inserted, or replaced with substitute amino acids, 
(3) an FKBP encoded by a DNA sequence capable of selectively hybridizing to a 
DNA sequence encoding an FKBP of (i) or (ii); 

25 (ii) a second recombinant nucleic add encoding a second chimeric protein which forms a 

complex with both (a) rapamydn or a rapamydn analog and (b) the first chimeric 
protein, and wluch comprises at least one FRB domain aruL at least one domain 
heterologous thereto, wherein the FRB domain comprises a peptide sequence selected 
from: 



144 



wo 99/36553 



PCT/US99/00178 



(1) a naturally occuring FRB domain, 

(2) a variant of a naturally FRB domain in which up to 10 amino acid residues have 
been deleted, inserted, or replaced with substitute amino adds, 

(3) an FRB domain encoded by a DNA sequence capable of selectively hybridizing 
to a DMA sequence encoding an FRB of (iv) or (v); 

and 

(b) contacting the cells with an improved rapalog which forms a complex contaiiung itself 
and at least one molecule of each of the first and second chimeric proteins. 

where the improved rapalog is of the fonnula: 




wherein 

one of and R^Tb is H and the other is -a halo, -R^, -OR^, -SR^, -OC(0)R^r 
0C(0)NHR1, -nhrI, -NHRIR^, -NHC(0)RI or -NH-S02-R^ where R^ » aUphatic 
heteroaliphatic, aryl, heteroaryi or alkylaryl, 

rC30 is halo, -0R3 or (=0), 
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rC2^ is =0, =NR^ =NOR* or =NNHR4, -NHOR* or -NHNHR*, -OR^ -CX:{0)P^ - 
OC(0)NR^ halo or -H, 



rC14 is -OR^, -NR^ -H, -NC(0)r6 -0C(0)R^ or -0C(0)NR6 

5 

r30 is H, -R^, -C(0)R7 or -C(0)NHR7 or a qrdic moiety bridging C28 and C30 
RC28ishaloor-OR3 
10 RC29isaOHorOMc 

where each substihicnt is present in cither stereochemical orientation unless otherwise 
indicated, and where R* R* R^, R^, r7, r9^ rIO gy^j r11 ^j. g independently selected 
from H, aliphatic, heteroaliphatic, aryi or heteroaryl; 

15 

r8 is H, halo, -CN, =0, -OH, -NR^rIO ^ OS02CF3, 0S02F, 0SQ2R4', OCOR*', 
OCONR4'r5', or OCON(OR4')r5'; 

in which one or botfi of R^^3 and R^ is a halo substituent; both R^^ and rC30 are other 
20 than =0; one of R^^a RCTb h and the other is phenyl di- or tri-substituted phenyl or 
a mono- or di-substituted heterocyclic moiety; n is 1; and/ or moiety "a" is other than 




25 as a substantially pure stereoisomer or mixture of stereoiflomexs, or a phannaceutically 
acceptable derivative thereof. 

3. The method of claim 2 wherein R^^jgi^Q, 
30 4. The method of claim 3 wherein R^^^ is fluoro. 

5, The method of claim Z 3 or 4 wherein R^^ is halo. 
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6. The method of daijn 3 wherein rC28 is fluoro. 



7. The 

5 (=0). 



^sthod of any of claims 2 - 6 wherein both rC^* and rC30 ^ nvoieties other than 



8. lhemethodofdaim7whereinoneorbo.holRaWRC30areOH.ORlor halo. 

9. -ihemethodof any of daims 2 - 8 wherein at least one of RC7a and RCTb u a moiety 

10 other than -OMe. 

10. The method of claim 9 wherein one of RC7a and rCT^ is H and the other is phenyl di- 
or tri-substituted phenyl or a mono- or di-substituted heterocyclic moiety. 

15 11. The method of claim 9 wherein one of RC^a and RC7b is H and the other is o.p- 
diallcoxyphenyl or trialkoxyphenyl. 

12. 1heme.hodofclaim9wherein one of rC7» and RCTb is H and the other is o.p- 
dimelhoxyphenyl, o-«ethoxy-p-ethoxyphenyl. onsthoxy-p-methoxyphenyl. o.p- 

20 diethoxyphenyl. trimethoxyphenyl or triethoxyphenyl. 

13. The method of any of claims I - 12 wherein the improved rapalog has an 
immunosuppressive effect less than O-Oltimes that of rapamycin. 

25 14 ihemethodofanyofclaimsl.4,6.8orl0.13whereintheddmericproteinencoded 
by the first recombinant nucleic add comprises at least one FKBP domain whose pephde 
seq«n« contains up to three amino add repUcemenls leUtive to a natun^^ 

peptide sequence. 

30 15 The method of daim 5 whendn the dumeric protein encoded by the first 

.ecombinantnudeic add comprises at least one FI3P domain whosepeptide sequent 
contains one ammo arid «H,lacement relative to a naturally occurring FKBP peptide 

sequence. 
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16. The method of claim 7 wherein the chimeric protein encoded by the first 
reawnbinant nudeic acid comprises at least one FKBP domain whose peptide sequence 
cantoiM one amino add replacement «Utlve to a naturally occurring FKBP peptide 
se qug io e . 

17. The method of daim 9 wherein the chimeric protein encoded by the first 
recombinantnudeicaddcomprisesaHeast one FKBP domain whose peptide sequence 
contains one arnino add replacement relative to a naturatty occurring FKBP peptide 

sequence. 

18 The method of daim 14 wherein the chimeric protein encoded by the first 
recombinant nucleic add comprises at least one FKBP domain whose peptide sequence 
contains a replacement amino add for Phcnylalanine-Se of a naturally occurring FKBP 
peptide sequence. 

19 The method of any of claims 15 - 17 wherein the dumeric protein encoded by the 
fet recombinant nudeic add comprises at least one FKBP domain whose peptide sequence 
contains a replacement amino add for Phenylalanine-36 of a nahaally occurring FKBP 
peptide sequence. 

20. The method of any of daims I - 4, 6, 8, 10 - 13 or 15 - 18 wherein the dumeric protein 
encoded by the second reconibinant nudeic add comprises at least one FRB whose peptide 
sequence contains up to three amino add replacements relathre to a naturally occurring FRB 
peptide sequence. 

21. The method of daim 5 wherein the chimeric protein encoded by the second 
recombinant nudeic add comprises at least one FRB whose peptide sequence contains one 
amino add repUcement relative to a naturally occurring FRB peptide sequence. 

30 22. The method of daim 7 wherein the diimeric protein encoded by the second 
recombinant mttidc arid comprises at least one FRB whose peptide sequence contains 
aaino add replacement relative to a natuiaEy occurring FRB peptide sequence. 



15 



20 



25 



35 



23. The method of daim 9 wherein thfl chimeric protein encoded by the second 
re«„rfrinantmidefc addcomprisesat!east one FRB whose peptide sequence contains one 
, add replacement relative to a nahirally oecuiring FRB peptide sequence. 



ammo i 
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24. The method of claim 14 wherein the chimeric protein encoded by the second 
recombinant nucleic acid comprises at least one FRB whose peptide sequence contains a 
replacement amino add for one or more of Tyr2038, Phe2039, Tht2098, Gln2099, Trp2101 or 

5 Asp2102 in a naluraUy occurring FRB peptide sequence. 

25. The method of any of claims 1-24 wherein at least one of the chimeric proteins 
comprises an action domain which is a DNA-binding domain, transcription activation 
domain or a cellular signaling domain for triggering growth, proliferation, differentiation 

10 apoptosis upon dimerizalion with anod\er protein containing at least one such signaling 
domain. 



27. The method of any of claims 1 - 25 wherein the cells arc grown in a culture medium 
15 and the contacting with an improved rapalog is effected by adding the improved rapalog to 

the culture medium. 

28. The mediod of any of claims 1 - 25 wherein the cells are present in a whole 
organism and the contacting with an improved rapalog is effected by administering the 

20 improved rapalog to the organism. 

29. The method of claim 28 wherein the cells are mammalian and die organism is a 
mamal. 

25 30. The method of claim 29 wherein the ceils are of primate origin and the organism is a 
primate. 



31. 



The method of daim 30 wherein the primate is a human. 



30 32. The method of any of daims 29 - 31 wherein die improved rapalog is administerd 
orally. 
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